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ANNUAL  REPORT  OF  THE  BUREAU  OF  PUBLIC  ROADS 

Introduction 

PROGRESS  IN  HIGHWAY  IMPROVEMENT  in  fiscal  1956  i  was  notable 
because  improvement  of  Federal-aid  highways  and  of  highways  in  general 
reached  new  high  levels  and  also,  by  reason  of  the  action  of  the  Federal  Govern- 
ment in  assuring  completion  of  a  41,000-mile  National  System  of  Interstate  and 
Defense  Highways  in  the  following  13  to  15  years. 

Expenditures  for  highway  construction  and  rights-of-way  on  all  streets  and 
highways  were  estimated  at  $4.3  billion  in  the  calendar  year  1955  and  $4.9  billion 
in  1956.  This  record-breaking  rate  was  due  in  part  to  increased  highway  travel 
resulting  in  greater  motor-vehicle  revenues  for  highways.  The  mileage  traveled 
on  main  rural  highways  increased  by  4.8  percent  during  the  fiscal  year. 

The  Federal  legislation  of  1954,  increasing  Federal  funds  apportioned  to  the 
States  from  $575  million  in  each  of  the  fiscal  years  1954  and  1955  to  $875  million 
in  each  of  the  years  1956  and  1957,  had  a  pronounced  effect.  In  the  total  program 
supervised  by  the  Bureau  of  Public  Roads,  23,800  miles  of  highway  improvements 
were  completed  at  a  total  cost  of  $1.3  billion  during  fiscal  1956. 

There  was  good  progress  in  construction  of  highways  of  all  classes.  Sections 
of  expressways  were  under  construction  in  nearly  all  large  cities,  many  miles  of 
main  highways  between  cities  were  improved,  inonumental  bridges  across  large 
waterways  were  being  built,  and  the  rapid  construction  of  secondary  roads  that 
began  at  the  end  of  the  war  continued. 

Durmg  the  year  the  cost  of  highway  construction  labor  mcreased  2.2  percent, 
that  of  materials  4.8  percent,  and  of  equipment  7.1  percent.  The  weighted 
average  increase  was  4.2  percent. 

The  decline  in  highway  construction  bid  prices  that  continued  through  the 
previous  fiscal  year  was  reversed  in  fiscal  1956.  Prices  in  the  fourth  quarter  of 
fiscal  1956  were  7.8  percent  above  those  for  the  same  period  of  the  previous  year 
but  2.9  percent  below  the  1953  peak. 

During  the  year  3,443  contracts  for  Federal-aid  projects  were  awarded  to  1,872 
contracting  firms,  averaging  1.8  contracts  per  contractor.  Bids  per  job  averaged 
5.7.  (These  figures  do  not  mclude  contracts  for  2,746  secondary  road  projects 
administered  under  a  special  plan.) 

The  year  will  be  significant  m  highway  history  because  it  marks  the  end  of 
discussion  of  what  should  be  done  to  create  an  adequate  system  of  main  highways 
to  serve  the  Nation  and  the  adoption  of  a  firm  policy  that  will  result  in  creation 
of  such  a  system  in  13  to  15  years. 

Proposal  of  such  a  system  was  first  made  in  a  Bureau  of  Public  Roads  report  to 
Congress  in  1939.  The  recommendations  made  were  given  effect  in  the  highway 
legislation  of  1944,  authorizing  designation  of  a  National  System  of  Ititerstate 
Highways  40,000  miles  in  extent.  Designation  of  37,700  miles  of  inter-city 
routes  of  the  system  was  made  in  1947,  but  there  was  no  provision  of  funds  that 
gave  promise  of  completion  of  the  system  in  any  predictable  period  of  time. 

In  July  1954,  President  Eisenhower  sent  a  message  to  the  Governors'  Conference 
calling  for  "a  grand  plan  for  a  properly  articulated  (highway)  system  that  solves 
the  problem  of  speedy,  safe  transcontinental  travel  ■ —  intercity  transportation  • — 
access  highways  - —  and  farm-to-market  movemeiit  —  metropolitan  area  conges- 

1  The  fiscal  year  extended  from  July  1, 1955,  to  June  30,  1956. 


tion  • —  bottlenecks  • —  and  parkijig."  The  message  met  with  strong  support, 
both  from  the  conference  and  the  public.  In  September  195-4  the  President  ap- 
pointed an  advisory  committee,  popularly  known  as  the  Clay  Committee,  to 
recommend  a  general  plan  for  dealing  Avith  the  ]jroblem.  Prelimhiary  data  from 
a  higliway  needs  study  by  the  States  and  Public  Roads  were  used  by  the  com- 
mittee in  rcachhig  its  conclusions. 

The  reports  of  the  committee  and  Pul:)lic  Roads,  which  were  submitted  to  Con- 
gress, struck  a  responsive  chord.  The  findings  played  a  vital  part  in  shaping  the 
Federal-aid  Highway  Act  of  1956 — legislation  that  marks  the  beginning  of  a  new 
period  in  highway  improvement  throughout  t''.e  country. 


A  section  of  the  Interstate  Systen^  about  15  miles  iiest  oj  Baltimore.  Md.,  that 
coincides  ivith  U.  S.  40.  Center  phin  tin  fi  will  prevent  headlisiht  glare.  This 
conipletefl  hiahuay  does  not  meet  the  nen'  stfindards  in  all  respects,  for 
ivhile  important  cross  roads  have  grade  separations  some  county  roads 
cross  at  grade  and  there  are  a  few  private  entrances.  No  commercial 
establishments  have  direct  access. 

New  Highway  Legislation 

The  Federal-aid  Highway  Act  of  1956,  approved  June  29,  1956,  authorized 
the  greatest  long-range  road-building  program  ever  undertaken.  It  authorizes 
a  total  amount  of  $24,825,000,000  for  the  Interstate  System  for  the  13-year 
period  beginning  July  1,  1956,  and  ending  June  30,  1969,  as  follows: 

Fiscal  year  Authorization 

1957 -  $1,000,  000,  000 

1958 1,  700,  000,  000 

1959 2,  000,  000,  000 

1960 2,200,000,000 

1961 2,  200,  000,  000 

1962 2,  200,  000,  000 

1963 - 2,  200,  000,  000 

1964 2,  200,  000,  000 

1965 2,  200,  000,  000 

1966 2,  200,  000,  000 

1967 2,  200,  000,  000 

1968 1,  500,  000,  000 

1969 1,  025,  000,  000 

Total $24,  825,  000,  000 

-  In  lulditiou  to  tlic  $175  million  alieady  authorized  for  1957. 
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This  amount,  together  with  about  $2.6  billion  to  be  contributed  by  the  States 
under  the  program,  will  provide  an  Interstate  System  designed  to  meet  the  traffic 
anticipated  in  1975.  Except  for  approximately  7,000  miles  of  2-lane  highways  in 
lightly  traveled  areas,  this  system  will  consist  of  4-,  6-,  and  8-lane  divided  high- 
ways, with  urban  connections,  interchanges,  and  bypasses.  The  Act  also  increased 
the  maximum  mileage  limitation  of  the  Interstate  System  from  40,000  to  41,000 
miles,  and  changed  its  full  title  to  the  National  System  of  Interstate  and  Defense 
Highways. 

The  amounts  authorized  for  the  Interstate  System  for  the  fiscal  years  1957, 
1958,  and  1959  are  required  to  be  apportioned  in  accordance  with  the  formula 
prescribed  in  the  Federal-aid  Highway  Act  of  1954,  in  which  population  counts 
two-thirds  and  area  and  post-road  mileage  one-sixth  each.  For  each  of  the 
remaining  10  years,  the  Interstate  System  funds  are  to  be  apportioned  in  the 
ratio  that  the  estimated  cost  of  completing  the  system  in  each  State  bears  to  the 
total  estimated  cost  of  completing  the  entire  system.  Periodic  revised  estimates 
are  to  be  prepared,  subject  to  review  by  Congress.  Interstate  System  funds 
authorized  by  this  Act  are  to  be  expended  on  a  90-percent  Federal,  10-percent 
State  matching  basis. 

In  addition  to  providing  for  the  urgently  needed  completion  of  the  Interstate 
System,  the  new  legislation  made  provision  for  increased  Federal  aid  for  the 
Federal-aid  primary  highway  system.  Federal-aid  secondary  highway  system, 
and  for  their  extensions  within  urban  areas.  The  1954  Act  had  authorized  a 
total  of  $700  million  for  these  systems  for  each  of  the  fiscal  years  1956  and  1957. 
The  1956  Act  authorized  a  total  of  $125  million  for  the  fiscal  year  1957  (in  addition 
to  the  $700  million  previously  authorized),  $850  million  for  the  fiscal  year  1958, 
and  $875  million  for  the  fiscal  year  1959.  These  amounts  were  to  be  divided 
45  percent  to  the  Federal-aid  primary  system,  30  percent  to  the  Federal-aid 
secondary  system,  and  25  percent  to  their  urban  extensions. 

The  additional  sums  authorized  by  the  1956  Act  for  the  fiscal  year  1957  were 
apportioned  to  the  States  immediately  upon  the  signing  of  this  legislation  by  the 
President,  on  June  29,  1956. 


The  Olneyville  Expressway  in  Providence,  R.  I. 


The  Act  permits  any  State  to  transfer  up  to  20  percent  of  its  apportionment 
for  the  Federal-aid  primary  and  secondary  systems,  and  extensions  thereof 
within  urban  areas,  from  one  category  to  another.  Previously,  transfer  up  to  10 
percent  was  permitted.     Interstate  funds  cannot  be  transferred. 

The  1956  Act  contained  several  new  provisions  which  are  applicable  only  to 
the  Interstate  System.     Among  these  are: 

1.  Interstate  funds  are  not  to  be  apportioned  to  any  State  that  permits  the 
Interstate  System  to  be  used  by  vehicles  with  weights  in  excess  of  18,000  pounds 
per  single  axle,  or  tandem-axle  weight  of  32,000  pounds,  or  with  overall  gross 
weight  in  excess  of  73,280  pounds,  or  with  a  width  in  excess  of  96  inches,  or  the 
corresponding  maximum  weights  or  widths  permitted  under  State  law  or  regula- 
tion in  effect  on  July  1,  1956,  whichever  is  greater. 

2.  Standards  governing  the  physical  dimensions,  control  of  access,  and  other 
design  features  shall  be  approved  by  the  Secretary  in  cooperation  with  the  State 
highway  departments  and  shall  be  adequate  to  accommodate  traffic  forecast  for 
the  year  1975. 

3.  Minimum  rates  of  wages  paid  on  projects  on  the  Interstate  System  are 
required  to  be  established  by  the  Secretary  of  Labor  after  consultation  with  the 
State  highway  departments.  These  rates  are  not  to  be  less  than  those  prevailing 
for  the  same  type  of  work  on  similar  construction  in  the  immediate  locality. 

4.  Toll  roads  may  be  included  in  the  Interstate  System  if  suitably  located  and 
meeting  the  Interstate  standards.  Federal  aid  cannot  be  used  on  their  construc- 
tion or  improvement,  but  can  be  used  on  their  approaches  if  the  toll  road  is  to 
become  free  when  the  bonds  are  retired  and  if  there  is  a  reasonably  satisfactory 
alternate  free  route  to  bypass  the  toll  section.  Congress  indicated,  in  the  Act, 
its  intent  to  consider  at  a  future  time  whether  or  not  the  States  should  be 
reimbursed  for  previously  constructed  toll  and  free  portions  of  the  Interstate 
System. 

5.  The  Secretary  of  Commerce,  when  requested  by  a  State,  may  acquire 
rights-of-way,  including  control  of  access,  for  the  Interstate  System,  where  the 
State  cannot  now  promptly  acquire  and  take  possession  of  needed  land.  Such 
rights-of-way  will  later  be  deeded  back  to  the  States,  providing  satisfactory 
control  of  access  is  assured. 

6.  Agreements  with  State  highway  departments  for  Interstate  projects  must 
contain  a  clause  providing  that  the  State  will  not  add  points  of  access  to,  or  exit 
from,  a  project  without  prior  approval  of  the  Secretary. 

The  Act  makes  apportioned  Federal-aid  funds  available  for  acquisition  of 
rights-of-way  on  any  of  the  Federal-aid  systems  in  anticipation  of  construction 
to  fall  within  5  years. 

Federal  aid  for  improvement  of  primary  and  secondary  systems  is  extended  to 
Alaska  for  the  first  time.  Special  provisions  governing  apportionment  and 
matching  were  enacted.  The  Act  requires  the  transfer  to  the  Department  of 
Commerce  from  the  Department  of  the  Interior  of  its  functions  pertaining  to 
roads  in  Alaska. 

The  new  legislation  provides  for  a  number  of  important  studies  and  reports, 
including  periodic  revised  estimates  of  the  cost  of  completing  the  Interstate 
System,  a  study  of  equitable  tax  allocations,  a  report  on  maximum  desirable 
dimensions  and  weights  of  vehicles,  and  a  highway  safety  study. 

Title  II  of  the  new  Act,  cited  as  the  Highway  Revenue  Act  of  1956,  requires 
earmarking  and  putting  into  a  special  trust  fund  revenues  estimated  to  amount 
to  $38.5  billion  in  the  16-year  period  beginning  July  1,  1956.  About  two-thirds 
of  this  amount  will  come  from  highway  taxes  already  in  elTect  when  the  Act  was 
passed,  and  one-third  will  come  from  new  taxes  and  increases  in  present  rates. 


The  Portland— Salem  Freeway  in  Oregon  serves  8,000  vehicles  daily.  Savings 
to  motorists  using  this  route  rather  than  the  old  road  are  estimated  at 
$2,700,000  a  year. 

The  1956  Act  increases  from  $10  million  to  $30  million  the  emergency  fund 
authorization  to  be  available  in  each  year  for  the  repair  and  reconstruction  of 
highways  and  bridges  on  the  Federal-aid  systems  damaged  as  the  result  of  disaster. 

The  Federal-aid  Program 

The  Federal-aid  highway  program  gathered  momentum  during  the  year  in 
response  to  the  increase  in  the  annual  authorization  rate  from  $575  million  (for 
fiscal  years  1954  and  1955)  to  the  $875  million  provided  (for  fiscal  years  1956 
and  1957)  by  the  Federal-aid  Highway  Act  of  1954.  The  apportionment  of  $875 
million  authorized  for  fiscal  1957  was  made  on  August  9,  1955.  This  authorization 
and  remaining  balances  of  prior  authorizations,  together  with  State  and  local 
matching  funds,  financed  the  program  carried  forward  during  the  year.  Addi- 
tional 1957  funds  totaling  $1,125  million,  provided  by  the  Federal-aid  Highway 
Act  of  1956,  were  apportioned  June  29,  1956,  but  had  no  effect  on  activity  during 
the  fiscal  year. 

Completions  of  all  classes  of  Federal-aid  and  Federal  projects  during  the  year 
accounted  for  the  improvement  of  23,828  miles  of  roads.  Included  were  6,673 
miles  of  highways  and  1,290  bridges  on  the  Federal-aid  primary  highway  system 
outside  of  cities,  957  miles  of  highways  and  599  bridges  on  urban  portions  of  the 
Federal-aid  primary  and  secondary  highway  systems,  15,289  miles  of  roads  and 
1,886  bridges  on  secondary  or  farm-to-market  roads,  and  909  miles  of  highways 
in  National  forests,  parks,  and  parkways,  and  on  flood-relief  projects.  The  long- 
range  program  of  eliminating  hazards  at  railway-highway  grade  crossings  was 
advanced  during  the  year  by  elimination  of  212  crossings,  reconstruction  of  27 
inadequate  grade-crossing  structures,  and  protection  of  305  crossings  by  the 
installation  of  flashing  lights  or  other  appropriate  safety  devices. 

The  mere  figure  of  a  certain  number  of  miles  of  highway  completed  during  a 
year's  period  does  not  furnish  a  true  measure  of  the  highway  facilities  provided 
for  traffic,  since  a  considerable  mileage  has  more  than  2  traffic  lanes.  The  major 
portion  of  improvements  financed  from  urban  and  interstate  funds  consists  of 
4-lane  and  6-lane  construction.  Table  6  in  the  appendix  shows,  by  class  of  fund 
and  by  State,  the  mileages  of  completed  improvements  having  2  lanes,  4  lanes, 
and  6  lanes  or  more.     Table  7  shows,  in  summary,  that  the  22,675.2  miles  com- 


Benefits  to  be  brought  to  cities  by  Interstate  express  routes  are  illustrated  by 
this  route  entering  Atlanta,  Ga.  Fifty  thousand  vehicles  use  this  express- 
way each  day,  at  a  speed  of  48  miles  per  hour,  as  compared  with  16  miles  per 
hour  on  city  streets.  Time-saving  to  drivers  amounts  to  3  million  hours 
annually. 

pleted  during  the  year  included  l,-430.3  miles  of  -l-lane  highways  and  116.6  miles 
having  6  lanes  or  more.  Thus,  the  year's  Federal-aid  completions  provided  the 
equivalent  of  48,677  miles  of  single-lane  construction. 

Practically  all  States  were  allotting  funds  apportioned  for  the  fiscal  year  1957 
to  programed  projects.  Projects  for  the  construction  of  26,983  miles  were  pro- 
gramed during  the  year.  Contracts  were  awarded  during  the  year  for  improve- 
ments to  25,045  miles  of  highways  and  streets.  Construction  put  in  place  during 
the  year  amounted  to  $722  million  of  Federal  funds,  the  second  successive  annual 
increase  of  14  percent  over  the  preceding  year.  Construction  was  under  way  or 
scheduled  to  start  soon  on  26,402  miles  of  highways  and  streets,  at  the  year's  end. 
Tables  in  the  appendix  show  details  of  accomplishments  during  the  year  and 
status  of  the  program  at  the  end  of  the  year. 

Classes  of  Federal-aid  work 

Federal-aid  highway  authorizations  since  World  War  II  have  provided  Federal 
funds  for  three  classes  of  highways — primary,  secondary,  and  urban.  A  total  of 
$550  million  was  authorized  for  these  three  classes  of  highways  for  each  of  the 
fiscal  years  1954  and  1955.  This  was  increased  to  $700  million  for  1956.  A 
total  of  $825  million  was  provided  for  1957,  $700  million  by  the  Federal-aid 
Highway  Act  of  1954  and  $125  million  by  the  Federal-aid  Highway  Act  of  1956. 

Beginning  with  the  fiscal  year  1954,  annual  authorizations  have  V^een  made 
specifically  for  improvement  of  the  National  System  of  Interstate  and  Defense 
Highways,  although  even  prior  to  that  time  primary  and  urban  Federal-aid  funds 
were  available  and  were  used  for  Interstate  System  improvements.  Starting 
with  initial  annual  amounts  of  $25  million  for  1954  and  1955,  Interstate  System 
authorizations  were  increased  by  the  Federal-aid  Highway  Act  of  1954  to  $175 
million  for  each  of  the  years  1956  and  1957.  The  Federal-aid  Highway  Act  of 
1956  inaugurated  a  long-range  program  for  the  intensive  development  of  the 
Interstate  System,  as  discussed  in  the  preceding  section  of  this  report. 

Federal-aid  primary  highway  syste7)i. — Federal  funds  for  the  Federal-aid  ]>rimary 
highway  system  have  been  provided  continually  since  the  Federal  Highway  Act 


in  1921  made  provision  for  its  designation.  The  system  is  made  up  of  the  principal 
highways  of  the  Nation  and  includes  216,314  miles  of  rural  highways  and  18,593 
miles  in  urban  areas  (including  the  Interstate  System).  Primary  fund  authoriza- 
tions amounted  to  $247.5  million  for  each  of  the  fiscal  years  1954  and  1955,  $315 
miUion  for  1956,  and  $371.25  million  for  1957. 

Federal-aid  secondary  highway  system. — The  Federal-aid  secondary  highway 
system  includes  important  farm-to-market  routes,  rural  mail  routes,  and  school-bus 
routes.  The  system  as  designated  at  the  end  of  the  year  totaled  520,371  miles, 
including  extensions  in  urban  areas.  Funds  for  secondary  routes  have  been  in- 
cluded regularly  in  Federal-aid  authorizations  beginning  with  the  fiscal  year  1938. 
Secondary  fund  authorizations  amounted  to  $165  million  for  each  of  the  fiscal  years 
1954  and  1955,  $210  million  for  1956,  and  $247.5  miUion  for  1957. 

Federal-aid  system  extensions  in  urban  areas. — Federal  funds  have  been  provided 
specifically  for  improvement  of  Federal-aid  primary  extensions  in  urban  areas 
continually  since  1946.  Provision  of  this  separate  authorization  for  urban  work 
evidenced  congressional  concern  over  the  seriousness  of  urban  traffic  congestion. 
Urban  fund  authorizations  amounted  to  $137.5  million  for  each  of  the  fiscal  years 
1954  and  1955,  $175  million  for  1956,  and  $206.25  miUion  for  1957.  Approxi- 
mately 15  percent  of  all  primary  funds  allotted  to  projects  have  been  utilized  for 
improvements  in  urban  areas.  A  provision  of  the  1954  Act  made  urban  funds 
available  also  to  finance  improvements  on  urban  extensions  of  the  Federal-aid 
secondary  system.  Previously  there  had  been  no  provisions  whereby  Federal 
funds  could  be  used  on  improvements  to  these  urban  extensions  of  secondary  routes. 


The  Buffalo  (N.  Y.)  Skyway,  a  49-span  structure  passing  over  a  river,  a  canal, 
two  railroads,  the  Niagara  Thruway,  and  a  number  of  city  streets,  carries 
about  18,000  vehicles  a  day  and  relieves  congestion  in  the  main  business 
district. 
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National  System  of  Interstate  and  Defense  Highways. — The  National  System  of 
Interstate  and  Defense  Highways  is  an  integrated  network  of  routes  that  connect 
our  country's  princij^al  metropolitan  areas,  cities,  and  industrial  centers,  serve 
the  national  defense,  and  connect  at  suitable  border  points  with  routes  of  conti- 
nental importance  in  Canada  and  Mexico.  As  such,  the  system  includes  most  of 
the  heaviest-traveled  main  arteries  of  the  Nation. 

Interstate  System  routes  are  included  in  and  constitute  the  most  important 
portions  of  the  Federal-aid  primary  system.  The  Interstate  System  is  limited 
by  law  to  41,000  miles,  of  which  40,000  miles  were  designated  by  the  end  of  the 
fiscal  year.  The  system  was  being  reviewed  at  the  end  of  the  year  for  the  purpose 
of  designating  the  remaining  mileage. 

The  Federal-aid  Highway  Act  of  1952  provided  the  first  Federal  funds  authorized 
specifically  for  improvements  to  the  Interstate  System.  The  $25  million  author- 
ization for  each  of  the  fiscal  years  1954  and  1955  was  made  available  on  the  regular 
matching  basis  of  50-percent  Federal  and  50-percent  State  funds.  The  annual 
authorization  rate  was  raised  to  $175  million  by  the  Federal-aid  Highway  Act  of 
1954  for  each  of  the  fiscal  years  1956  and  1957.  The  matching  basis  for  these 
funds  was  revised  to  provide  60-percent  Federal  and  40-percent  State  shares. 
HThe  Federal-aid  Highway  Act  of  1956,  approved  June  29,  1956,  authorized  a 
total  of  $24,825  billion  over  a  13-year  period  for  the  Interstate  System.  The 
matching  basis  for  these  funds  was  further  revised  to  a  90-percent  Federal  and 
10-percent  State  basis. 

Status  of  work  at  end  of  fiscal  year 

Improvements  to  25,343  miles  of  highways  and  streets  and  construction  of 
5,829  bridges  were  included  in  the  active  Federal-State  cooperative  program  at 
the  close  of  the  fiscal  year  (table  5  of  appendix).  These  figures  include  projects 
for  which  plans  had  been  approved  or  construction  had  been  started  but  was  not 
yet  completed.  The  estimated  total  cost  of  this  work  was  $2.5  billion,  including 
$1.3  billion  of  Federal  funds.  Grade-crossing  work  included  in  the  active  pro- 
gram consisted  of  elimination  of  453  railway-highway  grade  crossings,  recon- 
struction of  51  inadequate  grade-separation  structures,  and  the  protection  of  366 
railway-highway  grade  crossings  by  installation  of  flashing  lights  or  other  appro- 
priate safety  devices. 


I'hiiiii  'ill  Merle  Junk,  Olympia,  Wash. 

There  is  full  control  of  access  on  this  section  of  Interstate  System  correspond- 
ing to  U.  S.  99  south  of  Taconui,  Wash.     Daily  traffic  is  about  25.000  vehicles. 
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The  active  program  of  highway  improvements  in  National  forests  and  parks, 
public  lands,  and  the  restoration  of  flood-damaged  roads  and  bridges  involved 
improvements  to  an  additional  1,059  miles  at  a  total  estimated  cost  of  $74.8  mil- 
lion, of  which  $62.0  million  w^ere  Federal  funds. 

Highway  Design  Standards 

Approval  of  the  Federal-aid  Highway  Act  of  1956  assured  construction  on  the 
Interstate  System  of  controlled  access  highways  connecting  and  passing  through 
or  skirting  the  principal  urban  areas  of  the  country.  Clearcut  policies  and 
standards  became  necessary  for  the  expeditious  and  uniform  planning  and  design 
of  facilities  to  be  provided  by  this  program. 

The  1956  Act  provided  for  the  adoption  of  geometric  and  construction  standards 
for  the  Interstate  System  in  cooperation  with  the  State  highway  departments. 
The  American  Association  of  State  Highway  Officials,  with  Public  Roads  coopera- 
tion, was  completing  a  revision  of  its  standards  adopted  in  1945  for  the  Interstate 
System.  (The  revised  standards  were  completed  and  approved  by  Public  Roads 
on  July  17,  1956.) 

These  standards  provide  the  broad  framework  of  guidance  in  highway  design, 
but  purposely  omit  the  great  mass  of  policy,  procedures,  and  detail  needed  by 
design  engineers.  Such  material  is  available  for  rural  highways  in  A  Policy  on 
Geometric  Design  for  Rural  Highivays,  prepared  by  State  highway  department 
and  Public  Roads  engineers,  working  in  the  Committee  on  Planning  and  Design 
Policies  of  the  American  Association  of  State  Highway  Officials.  This  policy 
was  adopted  and  published  by  the  Association  in  1954. 

For  some  y^ears  Public  Roads  representatives  have  also  worked  with  engineers 
of  the  State  highway  departments  in  the  same  committee,  preparing  similar 
pohcies  and  design  guides  for  urban  arterial  highways.  The  committee  was 
completing  work  on  this  assignment,  to  be  titled  A  Policy  on  Arterial  Highways 
in  Urban  Areas,  and  it  was  expected  to  be  ready  for  letter  ballot  of  the  States  by 
the  end  of  1956.  This  book  will  also  be  published  by  the  American  Association 
of  State  Highway  Officials. 

These  two  design  policies,  and  the  standards  adopted  for  the  National  System 
of  Interstate  and  Defense  Highways,  prepared  the  way  for  the  use  of  uniform 
up-to-date  design  criteria,  providing  for  effective  execution  of  the  Interstate 
System  program  and  for  those  highway  features  which  will  result  in  the  maximum 
degree  of  safety  and  utility.  The  policies  are,  of  course,  equally  useful  in  the 
design  of  rural  roads  and  arterial  urban  highways  other  than  the  Interstate 
System. 

The  National  System  of  Interstate  and  Defense  Highways 

Designation  of  the  National  System  of  Interstate  Highways  was  authorized 
by  Congress  in  the  Federal-aid  Highway  Act  of  1944,  with  a  limitation  of  40,000 
miles.  (The  act  of  1956  authorized  an  additional  1,000  miles  and  amended  the 
system  name  to  the  National  System  of  Interstate  and  Defense  Highways.) 
First  efforts  in  designation  were  devoted  to  selection  of  city-to-city  routes,  and  a 
nationwide  network  of  37,700  miles  was  officially  designated  in  1947.  At  that 
time  the  remaining  2,300  miles  available  within  the  40,000-mile  limit  were  reserved 
for  routes  into,  through,  and  around  cities.  After  the  States  were  canvassed  to 
determine  their  desires,  and  consultation  with  the  Department  of  Defense,  the 
general  locations  of  the  2,300  miles  of  routes  in  and  around  cities  were  designated 
in  September  1955. 

The  States  have  continued  economic  and  engineering  studies  to  determine  the 
most  feasible  specific  locations  on  which  Interstate  routes  may  be  developed  to 
the  standards  justified  for  these  important  highways.     By  the  end  of  the  year 


12,200  miles  of  detailed  locations  had  been  selected  and  approved.  The  studies 
thus  far  completed  indicate  that  the  alinement  of  existing  highways  can  be  used 
for  the  development  of  the  Interstate  facility  for  about  one-third  of  the  Interstate 
System  and  the  remaining  two-thirds  will  be  on  new  location. 

Pursuant  to  the  jM-ovision  of  the  Federal-aid  Highway  Act  of  1956  to  expand 
the  Interstate  System  to  41,000  miles,  the  States  were  requested  to  propose 
additional  routes  for  consideration.  It  was  planned  to  select  the  additional  1,000 
miles  of  Interstate  routes  following  procedures  and  using  criteria  similar  to  those 
adopted  in  selection  of  the  40,000-mile  system. 


Afternoon  peak  traffic  on  the  Edsel  Ford  hxpressivay  in  Detroit.  Traffic  is 
estimated  at  lOOMOO  to  115J)0()  lehicles  per  flay.  Federal  funds  have  been 
used  in  the  iiradiial  improvement  of  this  route  since  1945.  Netv  legislation 
will  permit  more  rapid  construction  of  the  unfinished  portion. 

Access  will  be  controlled  on  all  sections  of  the  Interstate  System.  Control  of 
access  to  the  system  routes  from  adjacent  property  and  intersecting  roads  is 
considered  particularly  important.  Through  traffic  cannot  flow  safely  and  freely 
where  vehicles  are  permitted  to  enter  and  leave  (many  of  them  making  left  turns) 
at  business  places,  residences,  and  minor  side  roads.  All  entrances  to  and  exits 
from  the  .system  will  be  at  planned  locations  only,  and  these  facilities  will  be 
designed  to  enable  vehicles  to  enter  and  leave  the  highway  in  safety  both  to 
themselves  and  to  the  main  traffic  stream. 

Grade  separations  generally  will  carry  cross  roads  over  or  under  the  routes  of 
the  system.  Where  necessary,  in  developed  areas,  frontage  roads  will  be  provided 
on  one  or  both  sides.  In  sparsely  settled  rural  areas,  where  traffic  volumes  are 
low,  intersections  at  grade  will  be  permitted  under  certain  conditions  and  if  no 
appreciable  hazard  is  created. 

There  will  hv.  no  railroad  grade  crossings;  and  there  will  be  no  traffic  lights  or 
stop  signs  for  the  Interstate  System  traffic. 

The  1956  Act  provides  that  service  stations  and  other  commercial  establish- 
ments are  to  be  kept  off  the  right-of-way.  Needs  of  the  motorist  will  be  taken 
care  of  by  private  businesses  established  off  the  right-of-way,  at  or  near  access 
points. 
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Improvement  of  Urban  Highways 

The  improvement  of  major  urban  highways  was  of  increasing  concern  to  State 
highway  departments.  Cooperative  projects  on  urban  extensions  of  Federal-aid 
primary  and  secondary  highway  systems  were  financed  by  the  several  classes  of 
Federal  funds  available  for  such  work. 

Programs  were  approved  during  the  year  which  included  projects  in  urban  areas 
for  a  total  estimated  cost  of  $555  million,  the  Federal  contribution  being  approxi- 
mately $290  million.  Work  completed  during  the  year  cost  $434  million  for  957 
miles.     The  Federal  contribution  was  $217  million. 

The  planning  and  initiation  of  construction  of  expressways  in  urban  areas  was 
stimulated  by  recent  emphasis  given  to  the  Interstate  System.  Notable  examples 
are  the  Eastshore  Freeway,  Bayshore  Freeway,  and  Banfield  Expressway  on  the 
West  Coast,  the  Toledo  Expressway,  Congress  Street  Expressway,  and  New 
Orleans  approaches  to  the  Mississippi  River  Bridge  in  the  midwest,  parts  of  the 
New  York  State  Thruway,  Schuylkill  Expressway,  and  Westchester-New  England 
Thruway  in  the  east.  Construction  of  urban  expressways  absorbed  about  one- 
third  of  all  Interstate  funds  allotted  to  projects  for  which  plans  were  approved,  and 
largely  accounted  for  additional  projects  programed  for  future  construction. 
Contracts  were  negotiated  by  the  State  highway  departments  with  private  con- 
sulting engineers  for  the  design  of  many  of  these  complex  urban  projects. 


On  the  Interstate  route  between  St.  Paul  and  Chicago,  near  St.  Paul, 
section  coincides  with  U.  S.  12. 
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In  addition  to  the  construction  of  expressways,  many  city  streets  were  con- 
verted to  higher  type  traffic  facilities:  84  percent  of  all  the  Federal-aid  urban  funds 
for  which  plans  were  approved  were  assigned  to  divided  highways.  Streets  carry- 
ing smaller  volumes  of  traffic,  but  still  of  considerable  importance  to  the  munici- 
pality served,  were  also  improved  with  Federal-aid  urban  funds.  These  projects 
generally  were  on  the  Federal-aid  primary  system  but  some  provided  urban  con- 
nections to  the  Federal-aid  secondary  system.  The  funds  authorized  by  Congress 
for  expenditure  in  urban  areas  only  were  augmented  by  other  classes  of  Federal-aid 
funds:  15  percent  of  Federal-aid  primary  funds,  2  percent  of  Federal-aid  secondary 
funds,  and  31  percent  of  Federal-aid  Interstate  funds  were  used  in  urban  areas, 
resulting  in  a  total  of  32  percent  of  all  Federal-aid  funds  being  used  for  this  purpose. 
(The  use  of  Federal-aid  secondary  funds  was  limited  to  8  northeastern  States  with 
high  population  density  and  several  States  having  control  of  all  highways.) 
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The  need  for  much  larger  expenditures  in  urban  areas  was  evidenced  by  the  num- 
ber of  projects  listed  by  State  highway  departments  as  improvements  on  which 
they  intended  to  request  Federal-aid  url)an  fimds  from  future  apportionments. 
These  estimates,  provided  by  36  States,  totaled  $700  million  (295  projects). 

Improvement  of  Primary  Hightvays 

During  the  fiscal  year,  improvements  involving  Federal-aid  ])rimary  funds  were 
completed  on  6,749  miles  of  the  Federal-aid  primary  highway  system  at  a  total 
cost  of  $526,582,539,  of  which  $273,684,002  were  Federal  funds.  Completed  work 
involved  5,609  miles  of  bituminous  and  concrete  surfacing,  1,125  bridges  over 
streams,  and  112  bridges  over  highways  to  facilitate  the  free  flow  of  traffic.  In  the 
interest  of  reducing  the  hazards  of  travel,  89  railway-highway  crossings  were 
eliminated  by  grade-separation  structures,  17  separation  structures  were  recon- 
structed, and  126  grade  crossings  were  ])rotected  by  the  installation  of  signal 
devices. 

An  additional  6,977  miles  of  improvements,  estimated  to  cost  $675,631,586  and 
involving  $353,135,967  of  Federal-aid  primary  funds,  were  programed  during  the 
year.  Plans  for  many  of  these  proposed  improvements  and  for  projects  previously 
programed  were  approved  as  submitted  Ijy  the  State  highway  departments  so  that 
at  the  close  of  the  year  8,857  miles  of  jirimary  highway  improvements,  having  an 
estimated  cost  of  $985,503,427,  were  under  construction  or  ready  for  advancement 
to  the  construction  stage.  The  need  of  divided  highways  to  provide  greater  safety 
for  highway  traffic  was  recognized  by  an  increasing  amount  of  such  highwaj^  con- 
struction being  included  in  the  Federal-aid  highway  program. 


The  W iriflsor  section  of  the  Hartford-Springjiehl  Expressway,  «  reUtcnlion  of 

U.  S.  5  in  Connecticut. 

Secotidary  or  Farm-to-Market  Roads 

The  Federal-aid  secondary  program  continued  its  fast-moving  pace.  The 
15,137  miles  imijroved  during  the  year  accounted  for  67  percent  of  the  total  miles 
improved  on  all  Federal-aid  systems. 

Since  the  beginning  of  the  program  under  the  1944  Act,  125,193  miles  of  Federal- 
aid  secondary  system  improvements  have  been  completed  in  3,006  counties.  About 
five-sixths  of  the  improvements  made  serve  rural  homes,  areas,  and  communities 
reached  directly  for  the  first  time  with  Federal-aid  highway  improvements.  The 
other  one-sixth  are  located  on  roads  previously  improved  with  Federal  aid  but 
which  required  further  improvement  such  as  widening  or  strengthening  to  keep 
up  with  the  increased  use  which  almost  inevitably  follows  the  initial  improvements. 
All  projects  for  improvement  are  selected  and  the  specifications  determined  by  the 
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State  highway  departments  and  their  respective  counties,  acting  in  cooperation 
with  each  other,  with  final  Bureau  approval. 

Some  3,500  Federal-aid  secondary  projects  are  awarded  to  contract  in  some 
2,000  counties  each  year.  As  many  as  400  projects  have  been  awarded  in  a  single 
State  in  one  year  and  there  are  9  States  in  which  an  average  of  more  than  100 
projects  are  awarded  each  year. 

The  Federal-aid  secondary  system  now  includes  520,371  miles  (including  ex- 
tensions in  urban  areas),  an  increase  of  12,695  miles  during  the  year.  AH  roads 
in  the  system  were  selected  by  the  State  highway  departments  in  cooperation 
with  their  respective  local  highway  officials  prior  to  consideration  and  approval 
by  Public  Roads.  System  increases  are  being  requested  annually  by  the  States 
at  a  rate  almost  equal  to  the  net  miles  improved  each  year.  The  net  miles  im- 
proved with  Federal-aid  secondary  funds,  since  the  beginning  of  the  program 
under  the  1944  Act,  totals  about  one-fourth  of  the  total  miles  in  the  system. 
This  indicates  that  the  system,  made  up  as  it  is  of  the  more  important  secondary 
roads,  has  many  segments  considered  to  be  adequate  for  the  time  being  without 
expenditure  of  Federal-aid  funds  for  further  improvement.  As  reconstruction 
or  higher  type  improvements  become  increasingly  necessary  on  these  segments 
it  is  expected  that  the  requests  for  system  expansion  will  decline. 

The  new  plan  for  administration  of  the  Federal-aid  secondary  program,  initiated 
under  the  provisions  of  the  1954  Act,  was  operative  in  37  States.  Under  this 
plan  a  State  may  request  and  the  Secretary  of  Commerce  may  approve  the  trans- 
fer of  much  of  the  engineering  and  administrative  responsibility  for  Federal-aid 
projects  for  the  improvement  of  secondary  roads  to  the  State  highway  depart- 
ment by  blanket  approval  of  the  State's  standards  and  procedures  and  acceptance 
of  the  State's  certificate  for  each  project  that  the  approved  standards  and  pro- 
cedures have  been  followed. 

The  States  not  operating  under  the  new  plan  at  the  close  of  the  year  were:  Ari- 
zona, Delaware,  Idaho,  Indiana,  New  Jersey,  New  Mexico,  North  Dakota,  Ohio, 
Oklahoma,  Washington,  and  West  Virginia. 

Highway  Improvements  Under  Direct  Supervision  of  Public  Roads 

The  Bureau  of  Public  Roads  continues  to  receive  and  administer  directly 
annual  appropriations  for  the  major  highways  through  National  forests,  and 
performs  a  large  amount  of  highway  engineering  and  construction  for  other 
Federal  agencies  as  required  by  law  and  as  may  be  requested  for  specific  projects. 
The  branches  of  the  Government  receiving  direct  appropriations  for  the  con- 
struction and  maintenance  of  roads  and  calHng  upon  PubUc  Roads  for  assistance 
include  the  Departments  of  Agriculture,  Defense,  and  Interior,  and  the  Atomic 
Energy  Commission.  During  the  fiscal  year,  the  expenditures  for  highway  work 
under  direct  supervision  of  Public  Roads  amounted  to  $54,108,847. 

The  following  tabulation  indicates  the  volume  of  highway  work  as  of  June  30, 
1956,  in  which  the  engineering  and  construction  services  of  Pubhc  Roads  were 
actively  engaged  (the  figures  include  estimated  costs  of  work  programed  or  in  a 
more  advanced  stage) : 

Bureau  of  PubHc  Roads: 

Forest  highways $45,  724,  180 

Special  Tongass  Forest  highways  (Alaska) 668,  480 

Federal  lands 200,  000 

Miscellaneous  access  roads 150,  000 

National  Park  Service: 

Park  roads 15,  165,  515 

Parkways 20,  074,  230 
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Forest     Service:  Forest    development    roads     (including 

beetle-control  roads) $13,  284,  325 

Bureau  of  Indian  Affairs:   Indian  reservation  roads 10,  526,  894 

Department  of  Defense :  Access  roads 3,  888,  843 

Atomic  Energy  Commission:  Access  roads 1,  435,  040 

Bureau  of  Land  Management 6,  061,  875 

Total $117,  179,  382 

Forest  highways 

Forest  highways  are  those  main  and  secondary  roads  within  or  adjacent  to  the 
National  forests,  which  compose  approximately  one-tenth  the  area  of  the  Umted 
States.  The  forest  highway  system,  totaling  24,260  miles,  is  located  in  39  of  the 
48  States  and  in  the  Territories  of  Puerto  Rico  and  Alaska.  Table  16  of  the  ap- 
pendix indicates,  by  forest  road  class,  the  system  mileage  in  each  State  or  territory. 

A  considerable  mileage  of  the  forest  highway  system  is  coincident  with  the 
Federal-aid  and  State  highway  systems.  Forest  highways  are  important  to  the 
Federal  Government  and  to  the  residents  of  the  States,  counties,  and  local  com- 
munities within  and  adjacent  to  the  National  forests.  They  carry  most  of  the 
transcontinental  traffic  across  the  Rocky  Mountain  area  of  the  West  and  a  con- 
siderable amount  of  the  interstate  traffic  over  the  lesser  mountainous  barriers  in 
other  areas. 

The  routes  composing  the  forest  highway  system  were  initially  selected  during 
the  period  1916  to  about  1923  in  accordance  with  the  principles  set  by  the  Federal- 
aid  Road  Act  of  1916  and  the  Federal  Highway  Act  of  1921.  The  routes  then 
selected  have  constituted  the  system  with  but  comparatively  few  changes. 

While  cooperative  efforts  of  the  States,  counties,  and  the  Federal  Government 
have  resulted  in  progressive  improvements  over  a  period  of  many  years,  the  recent 
highway  needs  study  revealed  that  a  total  expenditure  of  approximately 
$1,337,000,000  (Federal,  State,  and  local  funds)  over  a  10-year  period  would  be 
necessary  to  improve  the  forest  highway  system  and  make  it  adequate  to  serve 
the  increased  traffic  anticipated. 


Togwotee  Pass  forest  highway  in  Wyoming.      This  is  a  through  route  leading 
to  Grand  Teton  anrl  Yelloivstone  National  Parks. 
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During  the  fiscal  j-ear,  Public  Roads  completed  improvements  on  701  miles  of 
forest  highways  at  a  cost  of  $23,028,706,  of  which  $21,376,979  were  Federal  funds. 
Table  17  of  the  appendix  indicates  these  completions  and  reports  the  totals  by 
States  for  projects  programed,  authorized,  and  under  construction  at  the  close 
of  the  year.  Some  typical  forest  highway  improvements  are  described  in  the 
following  paragraphs. 

Klamath  River  highway. — The  Klamath  River  forest  highway  route,  130  miles 
in  length,  follows  the  Klamath  River  and  serves  large  virgin  timber  areas  in  the 
Klamath  and  Six  Rivers  National  Forests  of  northern  California.  In  order  to 
facilitate  the  plan  of  the  Forest  Service  to  accelerate  the  harvest  of  mature  timber, 
three  forest  highway  projects  aggregating  11.1  miles,  including  a  major  bridge 
over  the  Scott  River,  were  completed  or  placed  under  construction  during  the 
year  at  a  total  estimated  cost  of  $905,000.  The  bridge  replaces  a  structure  lost 
by  flood  last  winter  and  was  being  rushed  to  completion  before  the  next  antici- 
pated flood  season. 

U.  S.  50  -  Glenbrook,  Nev. — The  section  of  U.  S.  50  serving  the  east  shore  of 
Lake  Tahoe  in  Nevada  is  a  forest  highway.  Traffic  of  5,000  vehicles  per  day  is 
common  during  the  summer.  In  order  to  relieve  congestion,  a  section  of  4-lane 
divided  highway  0.6  mile  in  length  was  being  constructed  at  a  cost  of  approxi- 
mately $885,000.  The  project  includes  driving  a  400-foot  tunnel  through  Cave 
Rock  parallel  to  an  existing  tunnel.  This  construction  was  financed  by  $590,000 
of  forest  highway  funds  and  $295,000  of  State  funds. 

Mt.  Evans  forest  highway. — In  1920,  Public  Roads  constructed  a  forest  highway 
from  Idaho  Springs,  Colo.,  southwesterly  up  Chicago  Creek  to  Echo  Lake,  where 
it  connects  with  a  road  leading  east  to  Denver,  thus  forming  a  link  in  a  very  scenic 
and  popular  loop  drive.  At  Echo  Lake  it  also  connects  with  a  road  leading  to  the 
top  of  Mt.  Evans,  one  of  the  two  peaks  in  the  State  over  14,000  feet  in  elevation 
that  may  be  ascended  by  automobile.  Increased  traffic  rendered  the  old  road 
dangerously  inadequate  in  width  and  alinement.  Reconstruction  of  this  route 
to  modern  standards  was  started  by  grading  and  placing  a  bituminous  stabilized 
base  on  7.2  miles  at  a  cost  of  $642,000. 

Provo  River-Haydens  Fork  forest  highway. — This  route  has  the  characteristics 
of  most  of  the  forest  highways  in  Utah,  traversing  rough  mountainous  territory 
at  high  elevations.  It  provides  beautiful  scenery  and  forms  a  portion  of  a  circular 
route  close  to  the  most  densely  populated  area  in  the  State.  Construction  on 
this  route  has  reached  the  summit  of  the  mountains  and  has  provided  access  to 
an  area  containing  numerous  scenic  lakes,  good  fishing,  and  other  recreational 
activities. 

Columbia  Falls-Glacier  Park  highway. — This  route,  coincident  with  U.  S.  2, 
is  located  along  the  south  boundary  of  Glacier  National  Park  in  Montana.  It 
was  originally  constructed  in  the  early  1920's  and  was  narrow,  steep,  and  crooked, 
following  along  the  Great  Northern  Railway  and  the  Middle  Fork  of  the  Flat- 
head River.  A  5.5-mile  section  to  cost  in  excess  of  $1  million  was  being  improved 
to  modern  standards.  This  highway  is  used  by  cross-country  traffic  and  by 
tourists  to  Glacier  National  Park. 
National  park  highways,  park  approach  roads,  and  parkways 

Funds  for  the  construction  and  improvement  of  highways  within  or  approach- 
ing National  parks  and  monuments,  and  for  parkways  specifically  designated  by 
legislation,  are  appropriated  to  the  Department  of  the  Interior,  and  are  admin- 
istered in  conformity  with  regulations  jointly  approved  by  the  Secretary  of  the 
Interior  and  the  Secretary  of  Commerce.  The  Bureau  of  Public  Roads  collabo- 
rates with  the  National  Park  Service  in  establishing  systems  and  developing  an- 


406593—57- 


15 


nual   programs.     Publio    Roads    engineers    make    survej's,    prepare   plans,    and 
supervise  construction  of  major  i^rojects  on  these  road  systems. 

During  the  year  improvements  on  122  miles  of  park  highways,  park  approach 
roads,  and  parkways  were  completed  at  a  total  cost  of  $6,908,000.  At  the  end 
of  the  year,  269  miles  of  improvements  to  cost  approximately  $20,027,000  were 
under  construction.  Tables  18  and  19  of  the  appendix  indicate  the  general 
locations  of  this  construction  activity  during  the  past  fiscal  year.  Typical  im- 
provements are  described  in  the  following  paragraphs. 

Blue  Ridge  Parkway. — Approximately  17  miles  of  surfacing  and  two  grade- 
separation  structures  were  completed  during  the  year  on  the  Blue  Ridge  Parkway, 
which  traverses  Virginia  and  North  Carolina,  making  a  total  of  340  miles  of 
surfaced  parkway  open  to  traffic.  Work  continued  at  a  steady  pace  on  the  10- 
mile  section  north  of  the  James  River  and  on  the  work  in  the  vicinity  of  Blowing 
Rock,  N.  C. 

Colonial  Parkway. — Hydraulic  fill  along  the  James  River  in  the  vicinity  of 
Jamestown  Island  and  grading  work  between  Williamsburg  and  the  island  were 
completed  during  the  past  year  on  the  Colonial  Parkway  in  Virginia.  Construc- 
tion on  the  new  ferry  wharf  and  the  bridges  on  the  bypass  around  Yorktown  and 
those  on  the  Jamestown  Island  end  of  the  parkway  were  well  along.  Contracts 
were  let  during  the  year  for  4  bridges,  2  grading  and  draining  projects,  and  1 
paving  project  at  a  total  estimated  cost  of  approximately  $2.8  million.  It  is 
expected  that  major  work  on  this  23-mile  parkway  will  be  completed  in  time  for 
the  350th  anniversary  celebration  of  the  founding  of  Jamestown  in  1957. 

Everglades  National  Park. — Work  on  the  main  road  in  Everglades  National 
Park  in  Florida  progressed  well  during  the  year.  Approximately  17  miles  of  the 
38-mile  route  were  under  contract,  and  several  additional  grading,  draining,  and 
surfacing  projects  and  one  major  bridge  were  about  ready  to  be  advertised  for 
bids.     Work  under  contract  was  to  cost  about  $1}^  million. 

Natchez  Trace  Parkway. — Bituminous  paving  was  completed  on  a  15-mile 
section  of  the  Natchez  Trace  Parkway  between  French  Camp,  Miss.,  and  Mis- 
sissippi State  Route  12,  increasing  the  total  length  open  to  traffic  to  113  miles  of 
the  proposed  450  miles  of  parkway  between  Nashville,  Tenn.,  and  Natchez, 
Miss.  Also  during  the  past  year,  1  paving  contract  covering  12  miles,  4  grading 
and  draining  projects  totaling  25  miles,  and  4  bridge  projects  covering  16  struc- 
tures were  let  to  contract  at  a  cost  of  slightly  over  $2.8  million. 

Grand  Canyon  National  Park. — Construction  was  initiated  on  the  scenic  East 
Rim  Drive  in  Grand  Canyon  National  Park.  The  8.5-mile  improvement  (in 
Arizona)  starts  at  the  junction  3  miles  east  of  Grand  Canyon  Village  and  extends 
easterly  covering  approximately  one-third  of  the  route.  Improved  alinement 
and  grades  and  additional  rim  contact  with  enlarged  parking  areas  have  been 
provided  in  the  location  and  design.  The  estimated  cost  is  $665,000.  Traffic 
during  the  summer  season  is  1,200  vehicles  per  day.  Construction  of  the  re- 
mainder of  the  route  is  planned  as  funds  become  available. 

Mesa  Verde  National  Park. — Access  to  the  Indian  ruins  in  Mesa  Verde  National 
Park  in  Colorado  is  afforded  by  a  highway  south  from  a  junction  with  U.  S.  160 
between  Mancos  and  Cortez.  It  ascends  the  mesa  along  a  very  steep  sidehill 
through  the  unstable  Mancos  shale  formation,  and  one  section,  known  as  the 
"Knife  Edge,"  has  been  extremely  difficult  and  expensive  to  maintain  because  of 
settlements,  slides,  and  slough.  In  order  to  bypass  this  section,  a  contract  was 
let  in  1955  to  construct  a  1,400-foot  vehicular  tunnel.  The  tunnel  was  holed 
through  in  January  1956  and,  at  the  end  of  the  fiscal  year,  lining  was  nearing  com- 
pletion. The  cost  of  the  tunnel  was  expected  to  be  approximately  $1,056,000, 
and  the  approaches  were  estimated  to  cost  approximately  $534,000. 
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Forest  development  roads  and  access  roads  for  spruce-bark  beetle  control 

When  requested  by  the  Forest  Service,  Public  Roads  makes  surveys,  prepares 
plans,  and  supervises  construction  within  the  National  forests  of  roads  of  impor- 
tance in  the  protection,  administration,  and  integration  of  the  forests.  Public 
Roads  has  also  provided  engineers  for  location  and  construction  of  access  roads 
in  the  spruce-bark  beetle  control  program.  During  the  year,  103  miles  of  forest 
development  roads  and  beetle-control  roads  were  completed  under  contracts 
totaling  $4,059,187.  At  the  end  iof  .the  year  a  total  of  185  miles  were  under 
contract  at  an  estimated  cost  of  approximately  $9,613,000. 

Bureau  of  Land  Management  roads 

Public  Roads  continued  its  cooperation  with  the  Bureau  of  Land  Management 
of  the  Department  of  Interior  in  its  program  of  road  construction  to  provide 
access  to  areas  for  subsequent  logging  operations.  Public  Roads,  in  fiscal  year 
1956,  prepared  plans  and  supervised  construction  for  numerous  projects  in  Oregon. 
During  the  year  construction  work  was  completed  on  39  miles  at  a  cost  of 
$1,709,564.  At  the  end  of  the  year  138  miles  were  under  contract  for  work  esti- 
mated to  cost  approximately  $5,728,000. 

Indian  reservation  roads 

Public  Roads  continued,  under  agreement  with  the  Bureau  of  Indian  Afi"airs,  to 
provide  general  supervision  for  the  programing,  designing,  and  construction  of 
roads  and  bridges  in  each  Indian  reservation.  At  the  end  of  the  fiscal  year  1,008 
miles  were  under  construction  at  an  estimated  total  cost  of  approximately 
$10,246,000. 

Construction  in  Alaska 

Public  Roads,  during  the  fiscal  year  1956,  had  under  its  direct  supervision 
approximately  68  miles  of  construction  on  forest  highways  in  the  Chugach  and 
Tongass  National  Forests  in  Alaska.  Construction  work  on  the  last  project  in 
the  Tongass  National  Forest,  which  was  financed  largely  by  special  Tongass  funds, 
and  designed  to  serve  traffic  generated  by  the  growth  of  a  large  wood-pulp  industry, 
was  approximately  82  percent  complete  at  the  end  of  the  year. 

Access  roads  to  defense  establishments 

During  the  fiscal  year  the  Atomic  Energy  Commission  transferred  an  additional 
$3,900,000  to  Public  Roads,  increasing  the  total  funds  transferred  for  the  con- 
struction and  improvement  of  access  roads  to  sources  of  uranium  ore  to  $6,400,000. 
The  Department  of  Defense  also  transferred  an  additional  $2,250,000,  increasing 
the  total  funds  transferred  for  access  roads  to  military  reservations  and  defense 
industries  to  $15,750,000.  These  funds,  with  the  $42,000,000  previously  appro- 
priated under  legislative  authority  of  1950  and  1952  and  the  $9,991,000  which  was 
transferred  by  the  Atomic  Energy  Commission  under  authority  of  Public  Law  149, 
83d  Congress,  increased  the  total  funds  appropriated  for  access  roads  since  the 
beginning  of  the  Korean  emergency  to  $74,141,000. 

In  addition  to  the  above  funds,  military  construction  funds  in  the  amount  of 
$889,300  were  transferred  during  the  fiscal  year  by  five  Air  Force  installations  for 
financing  the  construction  of  7  miles  of  access  roads  serving  those  installations,  and 
Army  maintenance  and  operations  funds  in  the  amount  of  $1,769,611  were  trans- 
ferred to  finance  repairs  on  780  miles  of  roads  in  Louisiana  which  were  damaged 
during  "Exercise  Sagebrush."  The  total  amount  of  these  special  funds,  in- 
cluding the  $100,000  of  Army  military  construction  funds  previously  transferred, 
is  $2,718,271. 

During  the  fiscal  year  30  projects  serving  uranium  producing  areas  were  financed 
at  a  total  estimated  cost  of  $5,011,194,  of  which  $4,651,931  were  transferred  by  the 
Atomic  Energy  Commission.  At  the  end  of  the  fiscal  year  eight  additional 
projects,  estimated  to  cost  $2,938,993  and  requiring  $2,820,113  of  access-road 
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funds,  had  been  referred  to  the  Atomic  Energy  Commission  for  a  decision  as  to 
improvement. 

During  the  same  period  26  projects  serving  reservations  of  the  Armed  Forces 
and  defense  instaUations  were  completely  financed  at  a  total  estimated  cost  of  . 
$5,987,118,  of  which  $4,922,277  were  financed  with  funds  transferred  by  the 
Department  of  Defense.  Preliminary  engineering  on  30  additional  projects  had 
also  been  financed.  Sixty  other  projects  having  a  total  estimated  cost  of 
$17,913,910  and  requiring  $16,813,812  of  access-road  funds  had  either  been 
certified  as  important  to  the  national  defense  or  had  been  referred  to  the  Depart- 
ment of  Defense  for  certification.  At  tlie  end  of  the  3'ear  there  were  46  projects 
l^eing  evaluated  by  Public  Roads. 

Bridge  Design 

Projects  involving  construction  of  bridges  on  freeways,  expressways,  and  similar 
arterial  highways  increased  in  number.  Many  of  the  structures  were  in  urban 
areas  with  attendant  complications  in  design  and  layout  to  fit  the  geometric  high- 
way pattern. 

Prestresscd  concrete  design  continued  in  favor,  with  a  notable  increase  in  the 
number  of  projects  submitted. 

The  great  increase  in  the  construction  of  welded  bridges  during  recent  years  gave 
rise  to  an  urgent  demand  for  a  revised  edition  of  the  bridge  specifications  of  the 
American  Welding  Society.  Public  Roads  has  been  active  in  the  work  of  jarep- 
aration,  and  completion  and  publication  of  the  new  specifications  will  undoubtedly 
encourage  use  of  welding  that  will  produce  savings  in  weight  of  steel  in  much  of 
the  steel  highway  bridge  construction. 

The  difl!lculties  arising  in  repairing  surface  imperfections  in  structural  silicon 
steel  by  welding  has  caused  a  demand  among  bridge  engineers  for  a  new  high- 
strength,  low-alloy  steel  for  riveted  construction,  but  of  improved  manufacturing 
characteristics  and  weldability.  The  American  Railway  Engineering  Association, 
in  collaboration  with  Public  Roads  and  the  major  steel  producers,  urged  the 
adoption  of  a  new  standard  specification  by  the  American  Society  for  Testing 
Materials.  Much  progress  was  made  and  it  was  believed  that  this  goal  would  be 
reached  during  the  coming  year. 

Work  was  done  on  a  revision  and  enlargement  of  standard  plans  for  highway 
bridge  superstructures. 

Survey  of  Right-of-Way  Practices  and  Procedures 

A  State-by-State  survey  of  the  practices  and  procedures  of  the  various  highway 
departments  in  accjuiring  right-of-way  was  initiated  and  completed.  An  analysis 
of  the  information  obtained  was  of  considerable  value  as  a  guide  in  the  develop- 
ment of  Public  Roads  policy  concerning  right-of-way  and  preparation  of  rules  and 
regulations  governing  Federal  participation  in  the  cost  of  right-of-way  acquired 
under  the  expanded  highway  program. 

Roadside  Improvement 

There  was  a  marked  increase  in  the  incorporation  of  roadside  improvement 
features  in  the  construction  })lans  for  Federal-aid  projects.  Practically  all  of  the 
States  now  include  in  their  highway  design  some  form  of  erosion  control.  With 
a  view  to  increasing  the  efiectivene.ss  of  funds  expended  for  roadside  improve- 
ments, particularly  erosion  control,  a  study  was  made  of  specifications,  methods, 
materials,  and  equipment  used  by  each  of  the  State  higliway  de])artments.  It 
was  anticipated  that  tlic  results  of  this  study,  when  completed,  would  provide  the 
States  with  information  on  the  most  effective  roadside  improvement  practices. 
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Use  of  Aerial  Surveys 

To  make  possible  the  planning  of  more  highways  with  limited  engineering 
organizations,  the  State  highway  departments  continued  to  expand  the  use  of 
photogrammetry  and  aerial  surveys. 

In  order  to  assist  the  States  in  this  undertaking,  Public  Roads  increased  its 
photogrammetric  equipment,  and  trained  18  additional  engineers  assigned  to  its 
field  offices  in  the  use  of  this  important  tool  in  highway  location. 

Five  regional  conferences  were  conducted  by  Public  Roads  staff  members  for 
the  dissemination  of  information  to  its  own  and  State  field  personnel  on  practices 
and  procedures  used  in  the  application  of  photogrammetry  and  aerial  surveys  to 
the  solution  of  highway  engineering  problems.  One  school  of  instruction, 
designed  specifically  for  highway  location  and  design  engineers,  was  conducted 
at  Lincoln,  Nebr.  The  school  was  attended  by  33  engineers  representing  7  of 
the  midwestern  States,  the  Soil  Conservation  Service,  and  Public  Roads.  Short 
intensive  courses  were  given  to  engineers  from  India,  Iran,  the  Philippines,  and 
Thailand. 

Detailed  specifications  under  which  commercial  photogrammetric  engineering 
firms  may  submit  comparable  bids  for  the  furnishing  of  aerial  surveys  and  topo- 
graphic maps  were  completed  and  will  soon  be  available  from  the  U.  S.  Govern- 
ment Printing  Office. 

Coordinated  Planning  of  Highways  and  Airports 

Public  Roads  continued  to  maintain  close  cooperation  with  the  Civil  Aero- 
nautics Administration,  the  Department  of  Defense,  State  highway  departments, 
and  local  aviation  officials  to  insure  careful  planning  and  coordination  of  highways 
and  airports  to  avoid  unnecessary  encroachment  of  one  upon  the  other.  The 
greatly  increased  programs  both  for  new  and  expanded  airports  and  for  new  and 
higher-standard  highways  created  many  problems. 

More  extensive  airports  were  being  planned  for  the  larger  airplanes  soon  to  be 
in  operation.  These  airports  were  generally  located  in  the  vicinity  of  the  larger 
cities  where  the  demands  for  better  and  more  extensive  highway  facilities  were 
most  pressing. 

National  Civil  Defense  Program  Assistance 

Under  authority  contained  in  the  Federal  Civil  Defense  Act  of  1950,  certain 
responsibilities  pertaining  to  streets  and  highways  were  delegated  to  Public 
Roads.     They  were  as  follows: 

1.  Provide  advice  and  guidance  to  the  State  highway  departments  in  the 
designation  of  State  civil  defense  emergency  highway  routes. 

2.  Coordinate  interstate  and  State  designated  civil  defense  highway  systems  to 
assure  uniformity  of  designation  for  civil  defense  emergency  purposes. 

3.  Plan  a  national  program,  develop  technical  guidance  for  the  States,  and 
direct  Federal  activities  concerning  emergency  clearance  and  restoration  of  high- 
ways, streets,  and  bridges  in  damaged  areas. 

4.  Provide  technical  guidance  to  the  States  concerning  highway  traffic  control 
problems  which  may  be  created  during  a  civil  defense  emergency. 

5.  Determine  and  evaluate,  with  the  cooperation  of  the  States,  counties,  and 
cities,  and  assist  in  the  planning  of  the  needs  for  highway  iinprovements  to  meet 
civil  defense  requirements. 

Principal  activities  undertaken  consisted  of  providing  technical  advice  and 
guidance  to  civil  defense  authorities  on  actions  included  in  the  delegated  responsi- 
bilities, reviewing  and  beginning  revision  of  a  manual  on  clearance  and  restoration 
of  streets  and  highways  in  civil  defense  emergencies,  and  a  study  of  highway  needs 
for  civil  defense. 
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The  relation  of  highway  conditions  to  evacuation  of  civil  populations  from 
urban  centers,  reduction  of  urban  vulnerabilitj',  dispersion  of  industry,  and  other 
related  programs  were  under  study  as  important  elements  of  future  civil  defense 
planning. 

Repair  of  Flood-Damaged  Roads 

For  many  years  it  has  been  the  policy  of  the  Federal  Government  to  aid  the 
States  in  the  repair  or  reconstruction  of  highways  and  bridges  on  Federal-aid 
systems  damaged  or  destroyed  by  floods  and  other  disasters  of  extraordinary 
character  and  extent.  Such  aid  is  available  under  an  authorization  permitting  the 
use  of  available  emergency  funds  without  waiting  for  legislative  action  following 
each  disaster.  Legislation  of  1952  provided  a  continuing  authorization  of  not  to 
exceed  $10  million  annually  for  tliis  purpose.  The  series  of  devastating  hurricanes 
and  associated  floods  that  occurred  during  the  fall  of  1955  and  spring  of  1956 
caused  damage  greatly  exceeding  that  anticii^ated  by  the  1952  act  and  as  a  result 
the  1956  Federal-aid  Highway  Act  increased  the  limitation  on  annual  assistance 
to  $30  million  with  the  provision  that  this  increased  amount  would  apply  also  to 
emergency  projects  approved  during  the  past  fiscal  year. 

Allocations  of  $26,755,669  of  emergency  funds  were  made  during  the  fiscal  year 
to  eight  States  and  the  Territory  of  Hawaii  for  rehabilitation  work  estimated  to 
cost  $54,187,205  in  total.  Amounts  allocated  were  as  follows:  California,  $7,950,- 
790;  Connecticut,  $6,247,814;  Hawaii,  $387,500;  Massachusetts,  $3,771,500; 
Mississippi,  $733,960;  New  Jersey,  $417,000;  New  York,  $1,914,005;  Oregon, 
$665,100;  and  Pennsylvania,  $4,668,000.  ^'.. 

Severe  floods  occurred  in  February  1956  in  Washington  and  in  May  and  June 
1956  in  Idaho.  These  two  States  have  indicated  they  will  request  allocations  of 
emergency  funds  to  aid  them  in  the  repair  of  damaged  or  destroyed  roads  and 
bridges  included  in  the  Federal-aid  systems. 

Foreign  Activities 
Training  of  foreign  engineers 

Public  Roads  continued  to  provide  and  to  arrange  training  programs  for  highway 
engineers  and  officials  from  other  countries.  Planned  programs  were  prepared  for 
110  visitors  during  the  year,  and  included  a  total  of  388  man-months  of  training. 
Assistance  was  also  given  to  a  large  number  of  casual  visitors  coming  to  Public 
Roads  for  short  periods  of  study  and  consultation. 

Of  the  participants  in  the  planned  programs,  105  were  sponsored  by  the  Inter- 
national Cooperation  Administration,  3  by  the  United  Nations,  and  2  by  the 
Department  of  State.  The  110  participants,  representing  33  countries,  included 
49  from  Latin  America,  34  from  the  Far  East,  20  from  the  Near  East  and  Africa, 
and  7  from  Europe. 

The  officials  and  engineers  of  the  various  State  highway  departments  continued 
their  wholehearted  cooperation  in  providing  these  visitors  with  opportunities 
to  study  and  observe  the  techniques  and  methods  of  highway  improvement  and 
utilization  in  the  United  States. 

The  Inter-American  Highway 

Since  1930  the  United  States,  acting  through  the  Bureau  of  Public  Roads,  has 
assisted  the  Republics  of  Guatemala,  El  Salvador,  Honduras,  Nicaragua,  Costa 
Rica,  and  Panama  in  the  construction  of  the  Inter-American  Highway,  which  is 
that  section  of  the  Pan  American  Highway  from  Nuevo  Laredo,  on  our  Mexican 
border,  to  Panama  City,  at  the  Pacific  terminal  of  the  Panama  Canal,  a  distance 
of  about  3,200  miles.  Connecting  highways  from  El  Paso  and  Nogales,  Tex., 
to  Mexico  City  now  afford  alternate  routes  from  the  western  United  States. 
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The  section  of  the  highway  in  Mexico  has  been  financed  and  constructed  entirely 
by  Mexico. 

At  the  end  of  the  year  95  percent  of  the  Inter-American  Highway  was  passable 
in  all  kinds  of  weather  by  motor  vehicles,  but  uninterrupted  travel  to  Panama 
City  was  still  an  impossibility.  Throughout  its  length  of  about  1,600  miles  in 
Mexico,  the  highway  was  open  at  all  times  and  practically  all  of  it  was  paved. 
In  Guatemala,  starting  at  the  Mexican  border,  an  impassable  gap  of  25  miles  was 
under  construction  and  scheduled  for  completion  by  July  1957.  This  gap  was 
bypassed  by  rail  pending  completion  of  the  road  construction.  Beyond  this  gap, 
the  highway  was  passable  under  all  conditions  as  far  as  San  Isidro,  Costa  Rica, 
a  distance  of  about  1,100  miles.  In  this  distance,  there  were  many  sections  under 
construction  and  additional  sections  on  which  considerable  construction  would 
have  to  be  done  to  bring  the  highway  up  to  modern  standards  for  a  2-lane  road, 
but  the  route  was  open  and  passable  without  special  difficulty. 

Beginning  at  San  Isidro,  Costa  Rica,  a  formidable  impassable  section  of  the 
route  extended  for  about  150  miles  through  rough  and  undeveloped  territory  to 
Concepcion,  Panama.  A  contract  for  the  construction  of  56  miles  was  awarded 
in  June  and  it  was  planned  to  contract  for  the  balance  by  December  1956.  From 
Concepcion  to  Panama  City,  a  distance  of  300  miles,  the  highway  was  passable 
at  all  times  but  several  substandard  sections  were  being  reconstructed. 

During  the  1956  fiscal  year,  the  following  was  accomplished: 

Congress  appropriated  $37,730,000  to  expedite  construction  on  the  Inter- 
American  Highway. 

In  Guatemala,  all  of  the  25-mile  gap  at  the  Mexican  border  not  under  con- 
struction at  the  beginning  of  the  year  was  placed  under  contract  and  construction 
was  proceeding  rapidly.  The  contract  provided  for  completion  by  July  1957, 
which  will  make  it  possible  to  travel  2,700  miles  by  motor  vehicle  from  the  United 
States  to  San  Isidro,  Costa  Rica,  over  the  Inter-American  Highway.  Between 
this  section  and  Patzicia,  a  distance  of  150  miles,  four  contracts  in  the  approximate 
amount  of  $14  million  were  advanced.  Work  on  this  section  proceeded  rapidly. 
The  old  road  in  this  location  was  passable  at  all  times,  but  it  has  steep  grades, 
sharp  curves,  and  a  rough  surface.  From  Patzicia  to  Guatemala  City,  and  beyond 
to  Barbarena,  the  road  is  paved.  Between  Barbarena  and  the  El  Salvador  border, 
two  contracts  in  the  amount  of  $670,000  were  awarded  covering  20  miles  of  the 
58  remaining  miles  to  be  constructed.  These  contracts  were  for  grading,  drainage, 
bridges,  and  selected  material  subbase  only.  The  crushed  stone  base  and  pavement 
will  be  placed  as  soon  as  possible,  but  the  road  now  being  constructed  will  be 
passable  at  all  times. 

In  El  Salvador,  construction  continued  on  the  surfacing  of  the  only  unpaved 
part  of  the  highway  in  that  country.  The  entire  route  in  El  Salvador  was  passable 
at  all  times.  It  was  estimated  that  the  highway  in  this  country  would  be  completed 
in  1957. 

In  Honduras,  plans  were  prepared  and  a  contract  awarded  for  grading,  drainage, 
and  selected  material  base  on  21  miles  of  the  69-mile  section  between  Jicaro  Galan 
and  the  Nicaragua  border.  Surveys  were  made  and  plans  prepared  for  additional 
work  to  be  awarded  to  contract  as  soon  as  possible. 

In  Nicaragua,  work  continued  on  the  replacement  of  old  temporary  bridges  with 
permanent  structures  between  the  Honduras  border  and  Sebaco.  Three  bridges 
were  completed  and  construction  was  started  on  four  others.  Of  the  17  bridges 
in  this  section,  13  were  completed  or  under  construction  and  4  remained  to  be 
constructed.  Forces  of  the  Government  of  Nicaragua  proceeded  steadily  in 
improving  the  road  from  the  Honduras  border  south  toward  Sebaco  and  surveys 
and  plans  were  being  prepared  preparatory  to  letting  a  contract  on  a  competitive 
bidding  basis  for  the  grading,  drainage,  and  selected  material  surface  for  about 
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50  miles  of  this  section  of  the  liighway.  In  the  southern  part  of  Nicaragua,  the 
highway  was  completed  except  for  paving  and  permanent  bridges  between  Rivas 
and  La  Virgen,  a  distance  of  7  miles.  Plans  were  completed  for  10  permanent 
bridges  to  replace  temporary  structures  between  Rivas  and  the  Nicaragua  border 
and  bids  for  their  construction  were  opened  in  June  and  steps  taken  toward 
awarding  a  contract. 

In  Costa  Rica,  all  direct  employment  of  labor  by  the  Bureau  of  Public  Roads 
was  brought  to  a  close  and  the  contract  method  of  construction  was  established. 
This  became  possbile  with  availability  of  funds  in  sufficient  amounts  to  attract 
United  States  contractors.  In  December  1955,  bids  were  received  for  the  com- 
pletion of  grading,  a  crushed  stone  base,  bituminous  surface,  and  bridges  on  the 
146-mile  section  from  San  Ramon  to  the  Costa  Rica  border  in  northern  Costa  Rica. 
Lively  interest  was  shown  by  United  States  contractors  but  the  successful  bidder 
was  a  Costa  Rican  firm  at  a  price  of  approximately  $4.3  million.  In  the  southern 
part  of  Costa  Rica,  bids  were  received  in  June  for  the  grading  and  selected  material 
surface  and  one  large  bridge  on  a  56-mile  section  of  the  134-mile  impassable  gap  in 
the  highway.  As  in  the  northern  section,  lively  interest  was  shown  by  United 
States  contractors.  The  work  was  awarded  to  a  joint  venture  of  a  United  States 
firm  and  a  Cost  Rica  firm  owned  by  a  United  States  citizen.  This  contract  was 
in  the  amount  of  approximately  $9.6  million. 

In  Panama,  five  jobs  were  awarded  to  contractors  by  the  Government  of  Panama 
after  public  competitive  bidding.  The  total  value  of  the  work  was  approximately 
$4.43  million  for  42  miles  of  construction  and  13  bridges.  Panamanian  firms  were 
successful  Viidders  on  all  l)ut  one  of  the  jol:)S. 

Other  Latin  American  projects 

In  Guatemala,  Public  Roads  continued  furnishing  engineering  assistance  to  the 
International  Cooperation  Administration  in  construction  and  improvement  of 
the  Pacific  Highway  from  Escuintla  to  the  Mexican  border,  and  the  Atlantic 
Highway  from  Guatemala  City  to  Puerto  Barrios. 

In  Nicaragua,  Public  Roads  continued  its  technical  assistance  to  the  Republic 
in  planning  and  constructing  their  national  highway  system  (other  than  the 
Inter-American  Highway),  which  was  being  financed  in  part  by  a  loan  from  the 
International  Bank  for  Reconstruction  and  Development  (World  Bank). 

The  Rama  Road,  when  completed,  will  form  the  main  transportation  link  be- 
tween the  settled  portion  of  Nicaragua  on  the  Pacific  Coast  and  the  large,  un- 
developed fertile  areas  of  eastern  Nicaragua  and  the  Atlantic  Ocean.  It  begins 
at  San  Benito  on  the  Inter- American  Highway  and  extends  158  miles  east  to  Rama, 
a  river  port  on  the  Escondida  River  which  can  be  reached  by  ocean  vessels  from  the 
Atlantic.  Construction  began  on  this  road  in  1943  with  United  States  funds  and 
continued  until  June  1948,  when  funds  were  exhausted.  An  all-weather  road  had 
been  practically  completed  from  San  Benito  to  Villa  Somoza,  a  distance  of  96  miles. 

Work  was  resumed  during  the  fiscal  year  1955  and  a  contract  was  let  to  a  United 
States  firm  for  about  12  miles  from  Villa  Somoza  toward  Rama.  During  the 
fiscal  year,  $2  million  of  additional  funds  were  appropriated  by  Congress  and 
another  contract  for  a  15-mile  section  at  the  end  of  the  12-mile  section  was  let  to 
the  same  contractor  on  the  basis  of  competitive  bids.  This  will  provide  an  all- 
weather  road  for  123  of  the  158  miles  of  this  road.  The  Nicaragua  Highway  De- 
partment continued  placing  additional  base-course  material  on  the  San  Benito- 
Villa  Somoza  section. 

In  Ecuador,  the  Manta-Quevado  Highwaj',  on  which  Pviblic  Roads  has  been 
furnishing  technical  assistance,  neared  comi)letion.  This  project  was  financed  b_v 
the  Export-Import  Bank  and  the  work  was  being  done  l\v  a  United  States 
contractor. 
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Other  foreign  activities 

Activities  of  the  Bureau  of  Public  Roads  were  continued  in  Ethiopia,  Jordan, 
Liberia,  Pakistan,  the  Philippines,  and  Turkey,  where  programs  had  been  initiated 
in  previous  years.  In  addition  to  these  continuing  programs,  short-time  consulting 
services  were  supplied  by  Public  Roads  in  several  other  countries  at  the  request  of 
the  International  Cooperation  Administration  and  the  Export-Import  Bank. 

Three  Public  Roads  engineers  spent  a  month  in  Iran  studying  the  Iranian  high- 
way system  to  determine  the  feasibility  of  an  Export-Import  Bank  loan  for  an 
expanded  highway  maintenance  program.  A  report  was  prepared  and  submitted 
to  the  Export-Import  Bank  for  their  final  decision. 

A  Public  Roads  engineer  spent  a  week  in  Afghanistan  studying  the  possibilities 
for  a  highway  program  to  improve  the  roads  in  that  country.  A  program  was 
proposed,  including  a  list  of  highwaj^  technicians  and  items  of  highway  equipment 
to  be  procured,  and  was  submitted  to  the  International  Cooperation  Administra- 
tion for  their  review. 

A  Public  Roads  engineer  spent  6  weeks  in  British  Guiana  to  provide  consulting 
services  on  their  highway  program,  including  reorganization  of  their  highway 
department. 

Two  Public  Roads  engineers  spent  approximately  a  month  in  Indonesia  studying 
the  entire  Indonesian  highway  system,  its  operation  and  organization.  Detailed 
recommendations  were  formulated  and  submitted  to  the  International  Coopera- 
tion Administration  for  their  study  and  possible  action. 

Public  Roads  engineers  spent  considerable  time  in  Vietnam,  Cambodia,  and 
Laos  advising  on  proposed  highway  programs  being  implemented  under  ICA 
policies. 

Pubhc  Roads  continued  to  assist  Egypt  in  selecting  equipment  for  highway  con- 
struction, maintenance  of  desert  roads,  and  a  highway  materials  laboratory. 

A  Public  Roads  engineer  made  two  trips  to  Haiti  to  recommend  solutions  to 
highway  construction  and  maintenance  problems. 

Activities  in  Turkey. — In  Turkey,  the  program  of  technical  and  economic 
assistance  which  began  in  1947  was  continued.  The  Public  Roads  staff  was 
reduced  to  12  men  during  the  year,  in  keeping  with  the  increased  responsibilities 
assumed  by  the  Turkish  engineers  in  the  many  phases  of  highway  organization 
and  management.  A  total  of  approximately  $46.4  million  has  been  made  avail- 
able for  the  procurement  of  roadbuilding  equipment  and  to  finance  the  cost  of 
technical  assistance.  All  funds  for  operation  of  this  equipment  and  for  con- 
struction and  maintenance  were  supplied  by  Turkey  and  have  approximated  $60 
million  annually.  This  work  has  resulted  in  good  highway  facilities  throughout 
Turkey  and  has  brought  into  the  national  economy  nearly  all  of  the  areas  once 
isolated.  Improvement  of  roads  in  Turkey  has  decreased  average  vehicular 
freight  costs  62.8  percent  since  1949.  All-weather  roads  on  the  highway  system 
have  increased  from  practically  zero  in  1948  to  14,760  miles. 

Activities  in  Ethiopia. — In  Ethiopia,  Public  Roads  completed  its  fifth  year  of 
directing  the  activities  of  the  Imperial  Highway  Authority.  Activities  were 
confined  to  maintaining  and  bettering  surfaces  of  the  3,100-mile  system  of 
national  primary  highways.  The  condition  of  the  roads  was  materially  improved 
during  the  year.  As  improvements  were  completed,  truck  freight  rates  were 
materially  reduced  as  well  as  the  elapsed  time  of  travel  on  the  highway  system. 
A  study  of  transportation  costs  between  Addis  Ababa  and  Assab,  the  principal 
Red  Sea  port,  indicates  that  rates  on  this  particular  500-mile  haul  were  reduced 
$1.20  a  ton  during  the  j'ear  with  a  total  annual  saving  to  shippers  of  approx- 
imately $175,000.  This  is  in  addition  to  previous  savings  in  costs  resulting  from 
improvement  of  roads  on  this  route  over  the  last  few  years. 
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Financial  support  of  the  road  program  in  Ethiopia,  including  the  cost  of  the 
Public  Roads  mission,  was  furnished  entirely  by  the  Ethiopian  Government 
from  appropriations  and  balances  available  for  the  year  of  approximately  $5 
million.  A  total  of  $21.3  million  has  been  supplied  by  Ethiopia  to  supplement 
the  original  $5  million  loan  from  the  International  Bank  for  Reconstruction 
and  Development.  The  Public  Roads  staff  of  20  includes  engineers,  adminis- 
trative officers,  superintendents,  and  equipment  specialists.  No  United  States 
funds  have  been  involved  in  this  program.  About  125  miles  of  highways  were 
sealed  and  surfaced  with  asphalt  during  the  year.  Approximately  125  miles  of 
new  roads  were  constructed  and  800  miles  reconstructed  or  resurfaced  with  stone. 

Activities  in  the  Philippines. — In  the  Philippines,  Public  Roads  has  assisted  in 
establishing  an  effective  highway  department  since  1946  when  it  was  charged 
with  the  restoration  of  war-damaged  roads  and  bridges  under  the  Philippine 
Rehabilitation  Act  of  1946.  Since  completion  of  this  phase  in  1952,  Public 
Roads  has  operated  as  a  consultant  for  the  International  Cooperation  Adminis- 
tration and  its  predecessor  agencies.  Working  with  the  ICA  it  assisted  the 
Philippine  Bureau  of  Public  Highways  in  advancing  its  highway  program  and 
training  engineers. 

During  the  past  fiscal  year,  290  miles  of  the  Philippine  national  system  of 
highways  were  improved,  with  work  continuing  on  an  additional  255  miles. 
On  the  undeveloped  Island  of  Mindanao,  60  miles  of  new  development  roads 
were  completed — a  total  of  135  to  date — and  185  miles  were  under  construction 
at  the  end  of  the  year.  Impetus  has  been  gained  this  past  year  in  improving 
the  village  or  barrio  roads  that  provide  an  outlet  for  the  villages  to  the  principal 
highway  network.  More  than  half  of  the  8,000  villages  in  the  Philippines  were 
without  year-round  passable  access  except  by  trails.  At  the  end  of  this  past 
fiscal  year  3,200  miles  of  roads  had  been  graded  and  1,400  miles  were  surfaced. 
The  resulting  social  uplifting  of  the  rural  standards  is  probably  the  largest  effort 
toward  planned  advancement  that  has  ever  been  attenipted  in  the  Philippines. 

A  total  of  approximately  $20  million  of  United  States  funds  made  available 
to  the  Philippines  through  the  International  Cooperation  Administration  has 
been  expended  for  the  purchase  of  highway  equipment  and  materials  (principally 
bridge  steel)  and  for  the  services  of  highway  technicians.  Against  this  amount 
of  United  States  funds  the  Philippine  Government  from  its  own  revenues  has 
expended  approximately  $70  million  annually  for  operation  of  equipment  and 
for  additional  contract  work. 

An  extensive  training  program  was  carried  on,  with  the  greater  part  being 
given  on  the  job.  Both  highway  engineers  and  equipment  personnel  were 
trained.  The  training  of  engineers  has  reached  the  point  where  it  was  possible 
for  the  Philippine  Government  to  grant  a  2-year  leave  of  absence  to  6  Filipino 
engineers  in  order  that  they  could  be  employed  by  the  Liberian  Government  to 
aid  in  highway  development  in  that  country.  Such  moves  provide  a  wealth  of 
experience  for  both  the  individuals  and  the  countries  concerned  as  well  as 
providing  stronger  bonds  in  international  relations. 

Activities  in  Liberia. — Public  Roads,  as  participant  in  the  program  of  the 
International  Cooperation  Administration  in  Liberia,  assigned  a  highway  group 
to  Liberia  in  1951.  Construction  of  all-weather  roads  has  brought  about  an 
increase  in  travel  both  in  passenger  and  commercial  vehicles.  Development 
precedes  construction  and  even  as  a  road  survey  is  completed  individuals  plan 
farms  of  rubber,  coffee,  cassava,  rice,  etc.  Work  continues  on  the  organization 
of  a  Liberian  highway  division  patterned  after  one  of  our  State  highway  depart- 
ments, and  a  group  of  subprofessional  engineers  were  being  dev^eloped.  The 
government  was  dependent  upon  engineers  from  several  other  countries  to  man 
their  highway  division.  These  engineers  will  be  replaced  as  quickly  as  Liberians 
can  be  trained  to  do  the  work. 
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Surveys,  plans,  and  estimates  were  completed  for  approximately  150  miles  of 
new  roads  in  Liberia,  to  be  constructed  with  $15  million  loaned  by  the  Export- 
Import  Bank.  Approximately  300  miles  of  new  work  is  planned  to  be  built 
with  these  funds.  This  is  in  addition  to  the  construction  contracted  for  during 
the  previous  year  under  a  $5  million  loan  by  the  Export-Import  Bank.  These 
projects  were  substantially  completed  during  the  year. 

Activities  in  Jordan. — -Public  Roads  has  assisted  the  Hashemite  Kingdom  of 
Jordan  with  its  road  program  since  1952.  This  assistance  has  been  in  the  form 
of  aid  in  the  location  and  design  of  highways,  consultation  on  construction,  and 
demonstrations  of  both  construction  and  maintenance  methods.  The  program 
has  had  the  dual  purpose  of  providing  highways  serving  important  agricultural 
areas  and  to  demonstrate  modern  methods  of  road  construction  and  mainte- 
nance. A  highway  system  was  planned  for  Jordan  that  includes  a  main  east- 
west  route,  a  main  north-south  route,  and  numerous  village  access  roads  and 
farm-to-market  roads.  Two  demonstration  projects,  one  7  miles  and  one  28 
miles  in  length,  were  completed  during  the  year.  Work  was  continued  on  57 
miles  of  primary  system,  using  a  combination  of  hand  labor  and  heavy  equip- 
ment. Approximately  4,900  laborers  were  employed  on  the  several  road  projects, 
with  a  large  impact  on  the  unemployment  problem. 

Development  of  an  effective  highway  organization  within  the  Jordanian  Gov- 
ernment department  of  public  works  has  been  one  of  the  principal  tasks  in  the 
program.  Engineers  have  been  trained  in  modern  methods  of  highway  design 
and  others  trained  to  operate  equipment. 

Activities  in  Pakistan. — Assistance  to  Pakistan  in  highway  improvement  by 
Public  Roads,  under  the  auspices  of  the  International  Cooperation  Administra- 
tion, began  the  previous  year.  Twelve  technicians  were  recruited  and  assigned 
to  the  country.  Objectives  of  the  program  have  been  to  assist  in  the  develop- 
ment of  highway  organizations  in  the  Central  Government  and  in  East  and  West 
Pakistan,  and  to  demonstrate  the  advantages  of  modern  equipment  in  highway 
construction  and  maintenance.  Equipment  and  supplies  costing  approximately 
$1,250,000  were  shipped  to  Pakistan  to  begin  this  work.  Construction  of  modern 
shops  to  maintain  and  care  for  this  equipment,  and  of  a  materials  laboratory, 
was  begun  by  the  Pakistan  Government.  On-the-job  training  of  engineers  and 
equipment  operators  continued. 

The  main  objective  of  the  West  Pakistan  project  was  to  provide  a  road  from 
Karachi  to  Quetta,  a  distance  of  about  450  miles.  This  road  will  serve  as  a 
demonstration  project  and  open  up  a  vast  portion  of  West  Pakistan,  including 
an  access  road  to  Afghanistan. 

Highway  Safety 

Improving  highway  safety  is  a  direct  responsibility  of  the  Bureau  of  Public 
Roads,  to  which  it  responded  in  a  variety  of  ways.  Possibly  its  most  important 
contribution  was  in  the  design  and  construction  of  safer  highways.  However, 
Public  Roads  also  participated  in  the  promotion  of  safety  in  directions  other 
than  highway  design.  This  was  done  very  largely  in  cooperation  with  the  Presi- 
dent's Committee  for  Traffic  Safety,  which  was  provided  with  headquarters 
office  space,  staff,  printing,  and  supplies. 

As  its  major  activity  in  fiscal  year  1956,  the  Committee  organized  and  con- 
ducted the  first  regional  traffic-safety  conferences  ever  held  under  Government 
sponsorship.  The  purpose  of  these  meetings  in  Atlantic  City,  Miami  Beach, 
Chicago,  and  San  Francisco  was  to  stimulate  the  organization  of  effective  State 
and  local  citizen  groups  in  support  of  official  application  of  the  action  program 
for  traffic  safety.  Follow-up  activity  in  the  States  and  communities  indicated 
that  the  regional  sessions  were  unusually  successful  in  this  objective.     Attendance 
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totaled  more  than  4,000  citizen  leaders,  carefully  selected  by  th(>  Governors  and 
b}'  cooperating  national  organizations. 

The  urgency  of  citizen  public-support  organization  was  emphasized,  according 
to  the  Committee,  by  the  10-percent  increase  in  fatalities  during  the  period 
1950-55.  The  growing  problem  of  traffic  deaths  must  be  solved  by  each  com- 
munity and  State:  The  responsibility  lies  with  them.  The  response  to  the  con- 
ferences reveals  a  growing  understanding  of  this  fact. 

The  success  of  the  regional  meetings  was  in  large  part  a  byproduct  of  committee 
appointment  of  an  advisory  council  of  chief  executive  officers  of  31  national 
organizations  with  substantial  programs  in  the  field  of  traffic  safety.  The  ad- 
visory council  provided  top  management  staff  for  planning  and  holding  the 
conferences. 

Organization  and  Training 

In  contemplation  of  enactment  of  an  expanded  highway  ])rogram,  one  of  the 
more  important  aspects  of  Public  Roads  advance  planning  consisted  of  a  com- 
prehensive review  of  its  organization  structure.  The  last  previous  organization 
study  was  completed  more  than  10  years  ago,  following  which  a  major  reorgani- 
zation was  effected  including  the  establishment  of  district  offices  in  each  of  the 
States  and  in  Puerto  Rico,  Alaska,  and  Hawaii,  and  a  realinement  of  division 
offices.  During  the  intervening  years  numerous  individual  changes  and  devia- 
tions were  authorized  with  the  result  that  much  of  the  original  organization 
pattern  was  lost. 

In  the  recent  study,  attention  was  first  given  to  the  district  offices  in  recognition 
of  the  desirability  of  completing  the  reorganization  at  operating  level  at  the 
earliest  date  possil:)le  and  well  in  advance  of  the  impact  of  a  greatly  expanded 
program.  Following  a  comprehensive  study,  a  basic  organization  plan  was  pre- 
scribed for  all  district  offices,  effective  January  1,  1956.  The  organization  plan 
was  devised  to  provide  sufficient  flexibility  to  permit  its  application  to  all  dis- 
tricts, regardless  of  size,  but  with  the  retention  of  basic  uniformity. 

The  study  of  the  organization  structure  of  the  division  offices  was  nearing 
completion  at  the  close  of  tht^  fiscal  year  and  it  was  contemplated  that  a  revised 
basic  organization  plan  would  be  put  in  ctfcct  not  later  than  September  1,  1956. 
The  organization  study  was  to  be  continued  with  a  complete  review  of  the  organi- 
zation structure  of  the  Washington  headquarters  office  during  fiscal  year  1957. 

To  place  greater  emphasis  on  Public  Roads'  management  improvement  pro- 
gram and  to  focus  organizational  responsibility  for  a  continuing  formal  program, 
all  management  improvement  activities  were  consolidated  in  a  Budget  and  Man- 
agement Branch  in  the  Finance  and  Management  Division.  The  objectives  of 
the  program  will  ha  to  obtain  the  most  effective  utilization  of  manpower,  to  im- 
prove paperwork  management,  and  to  reduce  to  the  minimum  consistent  with 
I^rogram  requirements,  work  generated  at  the  source. 

Management  improvement  actions  during  the  fiscal  year  resulted  in  estimated 
savings  of  approximately  $400,000  in  administrative  costs.  These  actions  varied 
from  elimination  of  duplicate  forms  and  reports  to  discontinuance  of  program 
activities  of  marginal  value.  In  addition,  savings  in  the  cost  of  highway  con- 
struction effected  through  technical  improvements  initiated  by  Public  Roads 
enginc^ering  persoimel  resulted  in  an  estimated  savings  of  a])proximately  $7  mil- 
lion. These  latter  savings  accrued  jointly  to  the  benefit  of  the  Federal  (iovern- 
uieiit  and  the  States. 

Public  Roads  continued  tti  increase  the  efficiency  and  productivity  of  its  en- 
gineering and  administrative  personnel  by  conducting  in-service  training  pro- 
grams which  reached  13  percent  of  the  permanent  employees.  In  addition,  41 
college  graduates  entiM'ed  the  3-year  junior  engineer  training  progi'ani. 
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Financial  and  Administrative  Research 

Administrative  studies 

At  the  request  of  State  officials,  an  organization  and  nianagement  study  of  the 
Montana  State  Highway  Commission  was  undertaken  during  the  year.  All  neces- 
sarj'  field  work  was  completed,  and  a  report  is  being  prepared  for  submittal  to  the 
State. 

Field  work  on  a  study  of  classification  of  State  highway  department  engineering 
personnel  in  six  States  was  completed,  and  a  report  published. 

A  study  of  time-saving  methods  in  highway  engineering,  in  cooperation  with  the 
Highway  Research  Board,  was  completed  and  published  by  the  Highway  Research 
Board.     A  study  of  local  rural  road  organization  was  initiated. 

Tables  showing  the  directing  organizations  of  State  highway  departments  and 
salary  ranges  of  the  principal  officials  were  revised  to  show  the  status  of  this 
information  as  of  July  1955. 

Preparation  of  a  bibliography  on  highway  administration  was  undertaken  during 
the  year,  and  was  completed  in  rough  draft  form.  It  will  be  published  by  the 
Highway  Research  Board. 

Work  was  done  on  a  study  of  the  specific  dedication  of  highway  revenues,  but 
completion  of  this  study  was  being  delayed  by  lack  of  information  on  the  State 
control  of  such  revenues.    Steps  were  taken  to  obtain  the  information. 

Financial  studies 

Local  road  and  street  finance  data  again  were  reported  for  all  States.  Also,  the 
States  reported  receipts,  expenditures,  and  debt  information  for  "allied  functions," 
including  parking  meters,  publicly  owned  parking  lots  and  garages,  storm  sewers, 
street  cleaning,  street  lighting,  and  curbs  and  gutters. 

A  bulletin  covering  the  highway  finance  activities  of  local  rural  governmental 
units  for  the  years  1942-51  was  published.  Work  was  continued  on  an  urban 
street  finance  bulletin  covering  the  years  1937-53. 

A  highway  finance  report  of  receipts,  expenditures,  and  debt  status  of  all  govern- 
mental units  for  highway  purposes  for  the  years  1946-55  was  prepared  and 
published.  A  review  of  developments  in  highway  finance  during  1955  was  also 
prepared  and  published. 

A  discussion  concerning  financial  planning  for  long-range  highway  programs  was 
supplied  to  State  highway  departments.  Data  gathered  and  analyses  made  in  a 
Public  Roads  study  of  highway  financing  were  utilized  in  a  study  of  the  method- 
ology of  financial  planning  and  potentialities  of  credit  financing.  A  report  de- 
scribing this  work  was  presented  at  the  January  1956  annual  meeting  of  the 
Highway  Research  Board. 

Taxation  studies 

Comprehensive  research  into  the  problems  of  highway  taxation  was  continued. 
Much  of  the  work  was  done  in  cooperation  with  committees  of  the  Highway  Re- 
search Board.  Particularly  noteworthy  was  the  cooperative  study  given  to  the 
allocation  of  motor-vehicle-user  tax  responsibility  among  vehicles  of  various  types 
and  sizes  by  the  incremental  method  or  theory  of  differential  costs. 

A  study  of  the  so-called  "third-structure  taxes"  on  commercial  vehicles  as  they 
now  exist  in  the  United  States  was  begun.  Other  activities  included  the  prepara- 
tion of  a  report  comparing  State  highway  finance  and  tax  study  findings  with 
respect  to  the  tax  responsibility  of  vehicles  of  different  types  and  sizes.  These 
findings  were  applied  to  a  series  of  selected  vehicles  and  the  actual  State  road-user 
taxes  that  would  be  paid  on  these  vehicles  in  1955  were  also  evaluated.  In  addi- 
tion, two  earlier  studies,  one  analyzing  toll  road  and  bridge  payments  by  selected 
vehicles  of  different  types  and  weights,  and  an  analysis  and  estimate  of  the  average 
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payments  in  State  road-user  taxes  made  on  vehicles  in  different  types  and  weight 
groups,  were  brought  up  to  date;  reports  on  these  analyses  were  in  preparation. 

During  the  year  technical  assistance  was  given  toward  finance  and  tax  studies  in 
Kentucky,  Montana,  North  Dakota,  Rhode  Island,  and  Washington.  All  of  these 
were  large-scale.  State-sponsored  projects  involving  the  allocation  of  tax  burdens 
and  the  development  of  adequate  revenue  structures  to  support  expanded 
programs. 

Highway  cost  studies 

A  study  of  the  service  life  characteristics  of  road  surface  types  was  completed 
during  the  year.  Twenty-five  States  and  Puerto  Rico  cooperated  by  furnishing 
data  on  their  primary  road  systems,  showing  mileages  of  various  types  built  each 
year,  mileages  retired,  and  methods  of  retirement.  Previous  reports  on  this  subject 
were  completed  in  1940  and  1948.  The  report  on  the  latest  study  covers  50  years 
of  roadbuilding  and  shows  the  service  lives  of  various  types,  their  age,  and  remain- 
ing life  expectancies. 

An  analysis  was  begun  of  the  life  of  dollars  invested  in  grading,  surfacing,  and 
structures.  Nine  States  cooperated  by  furnishing  basic  data  on  construction 
costs  and  salvage.  From  the  investment  lives  which  will  be  developed  by  this 
study  it  will  be  possible  to  arrive  at  depreciation  rates  of  various  elements  of  the 
highway  plant.  Such  information  is  essential  for  numerous  kinds  of  economic 
studies  in  the  field  of  highway  transportation. 

Pilot  studies  were  continued  of  the  relation  between  the  growth  trends  in  traffic 
and  corresponding  growth  trends  in  highway  investment.  The  objective  was  to 
refine  the  procedure  whereby  estimates  of  current  backlogs  and  future  highway 
needs  can  be  updated  periodically  at  a  fraction  of  the  effort  required  by  conven- 
tional field  appraisal  methods.     A  progress  report  on  this  subject  was  completed. 

Assistance  was  given  to  Kentucky,  Michigan,  Missouri,  Rhode  Island,  South 
Dakota,  and  Tennessee  in  furtherance  of  comprehensive  studies  of  highway  needs. 

Production  cost  studies 

A  program  of  research  on  methods  and  costs  of  building  and  maintaining  roads 
was  continued.  Results  of  cost  studies  of  secondary  road  work  performed  by 
contract  and  by  State  forces  on  five  projects  in  a  southeastern  State  were  reported. 
Findings  on  the  jobs  studied  showed  that  contract  work  had  certain  measurable 
cost  advantages  over  State  force  work. 

Work  was  started  on  several  short  motion  pictures,  covering  significant  time 
losses  from  small  delays  by  key  units  of  equipment  on  highway  construction  jobs. 
Typical  action  scenes  at  various  intervals  during  construction  operations  will  also 
be  included.     One  film  was  completed. 

Field  studies  of  the  cost  of  surface  maintenance  of  portland  cement  concrete 
roads  in  midwestern  States  were  continued.  These  studies  included  unit  costs 
of  labor,  equipment,  and  materials.  The  basic  data  developed  are  to  be  used  in 
interpreting  the  physical  maintenance  work  on  the  AASHO  test  road  in  Illinois 
in  terms  of  normal  work  and  cost  when  performed  as  a  routine  maintenance 
operation. 

Analyses  of  power-shovel  performance  data  relating  to  the  effect  of  degree  of 
fragmentation,  height  of  face,  and  swing  angle  on  production  rates  were  completed 
and  a  report  was  made. 

Special  unit  cost  studies  of  bridge  construction  were  started  in  January  1956. 
These  studies  included  multiple  box  bridges,  reinforced  concrete  deck  girder 
bridges,  reinforced  concrete  decks  on  continuous  I-beam  bridges,  and  a  fiat  slab 
bridge.  Field  and  analysis  work  on  the  individual  jobs  was  scheduled  for  com- 
pletion in  1957. 
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Land   acquisition,   roadside   control,   highway   laws,    and   terminal   facility 
studies 

Problems  attendant  on  the  acquisition  of  land  for  highway  right-of-way,  ade- 
quate protection  of  the  roadside,  highway  laws,  the  provision  of  controlled-access 
facilities,  and  of  terminal  facilities  were  the  subjects  of  studies  carried  on  during 
the  year.  Some  of  these  studies  were  requested  by  or  cooperated  in  by  State 
highway  departments  and  other  public  or  private  organizations.  Technical 
assistance  in  these  fields  to  State  highway  departments  and  other  individuals 
and  agencies  continued  during  the  year. 

Preliminary  studies,  one  on  land  acquisition  for  future  highway  use  and  the 
other  concerning  control  of  highway  access,  were  completed  during  the  year. 
These  studies  were  prepared  in  connection  with  a  comprehensive  project  for  the 
study  of  highway  laws  in  which  Public  Roads  cooperated  with  the  Highway 
Research  Board.  Other  reports  in  process  of  completion  by  the  laws  project 
included  studies  of  land  acquisition,  highw'ay  system  classification,  declaration  of 
legislative  policy  on  highways,  Federal-aid  intergovernmental  relations,  and  con- 
stitutional provisions  relating  to  highway  matters.  Technical  assistance  was 
also  rendered  to  some  of  the  States  in  connection  with  State  law  surveys. 

A  study  of  the  attitudes  of  the  courts  toward  resolution  of  parking  difficulties 
by  cities  was  practically  completed.  This  study  will  summarize  most  of  the 
judicial  decisions  on  practically  every  phase  of  the  parking  problem  that  has  been 
litigated  in  the  courts. 

Technical  assistance  was  given  in  the  legal,  financial,  administrative,  and 
economic  phases  of  establishing  parking  facilities  in  municipalities. 

Highway  Transport  Research 

Road  inventory  and  mapping 

Data  of  fundamental  importance  in  determining  needs  and  deficiencies  of  the 
entire  road  network  and  in  appraisal  of  the  performance  and  adequacy  of  the 
several  highway  systems  were  obtained  in  a  continuing  inventory  process  in  42 
States,  Hawaii,  and  Puerto  Rico.  Work  of  inventorying  conditions  of  highways 
and  business,  industrial,  and  other  development  along  them  was  done  by  State 
highway  departments  with  Federal  assistance.  General  highway  maps  were 
prepared  for  437  counties  in  34  States.  Other  mapping  activities  resulting  from 
State  planning  surveys  included  the  preparation  and  publication  of  16  State 
general  highway  maps,  28  State  traffic  maps,  many  other  special  area  maps,  and 
city  and  county  traffic  maps. 

Traffic  volume  and  truck  weights 

Information  concerning  the  volumes  and  changes  in  highway  traffic  that  is 
needed  in  planning  highway  programs  was  obtained.  Over  1,000  continuous- 
count  stations  were  operated  and  extensive  traffic  volume  studies  covering  all  or 
the  most  important  portions  of  the  rural  road  network  were  made  in  a  number 
of  the  States. 

During  the  year  traffic  in  rural  areas  increased  at  a  moderate  rate,  somewhat 
higher  than  in  1954  but  at  a  lower  rate  than  in  most  previous  years  (exclusive 
of  the  war  years).  Traffic  in  the  urban  areas  increased  at  a  lesser  rate  than  it 
did  in  the  rural  areas  but  the  rate  of  increase  was  identical  with  that  reported 
for  the  previous  year.  All  rural  travel  increased  about  4.0  percent,  while  urban 
travel  increased  3.2  percent. 

Information  on  truck  weights  was  obtained  at  over  500  locations  in  44  States. 
Estimates  of  truck  travel,  ton-mileage  of  freight  transported,  and  frequency  of 
heavy  axle  loads  and  gross  loads  were  made.  Preliminary  analyses  indicate  that 
truck  travel  on  main  rural  roads  increased  about  4.3  percent  and  ton-mileage  of 
carried  load  increased  about  7.1  percent. 
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The  improved  techniques  developed  as  a  result  of  research  of  sampling  error 
as  it  is  related  to  the  scheduled  length  of  traffic  counts  were  tested  and  applied 
in  four  additional  States  and  in  one  city.  Consistent  improvement  of  efficiency 
of  traffic-counting  operations  has  been  noted  in  the  States  where  the  new  tech- 
niques have  been  introduced  during  the  past  3  years.  Basic  research  designed 
to  provide  data  for  further  improvement  in  traffic  counting  in  urban  as  well  as 
rural  areas  was  continued. 

Traffic  studies  in  cities 

The  data  obtained  in  a  resurvey  of  traffic  movement  in  the  Tulsa,  Okla., 
metropolitan  area,  by  the  home-interview  method,  was  analyzed  and  reported  by 
the  State.  The  original  survey  was  made  in  1944  and  the  resurvey  in  1954.  The 
resurvey  shows  important  changes  in  the  distribution  of  traffic  during  the  10-year 
period  as  well  as  sizable  shifts  in  the  population.  Only  24  percent  of  the  people 
interviewed  in  1954  had  lived  at  the  same  address  in  1944.  Only  64  percent  of 
those  interviewed  in  1954  were  living  in  Tulsa  in  the  earlier  year.  This  illustrates 
the  importance  of  periodic  checks  on  travel  habits  and  resulting  traffic  movements. 

A  comprehensive  origin  and  destination  traffic  survey  of  the  home-interview- 
type  was  completed  in  Detroit.  The  results  show  a  need  for  a  259-mile  freeway 
system,  estimated  to  cost  $1.5  billion,  to  serve  an  estimated  population  of  4.4 
million  and  its  traffic  by  1980.  Very  definite  relations  between  trips  and  land  use 
were  found  and  these  relations  will  aid  in  the  conversion  of  future  land-use  fore- 
casts into  traffic  forecasts. 

A  similar  origin  and  destination  survey,  estimated  to  cost  nearly  $2  million,  was 
started  in  the  Chicago  area.  This  is  the  largest  and  most  costly  survey  of  this 
type  ever  undertaken.  The  cost  of  the  survey,  however,  will  not  exceed  the  cost 
of  about  two  blocks  of  a  Chicago  expressway  recently  built,  and  is  fully  justified  by 
the  great  magnitude  of  new  facilities  which  will  be  based  upon  the  results. 

Similar  surveys  were  made  or  were  underway  in  114  urban  areas  and  resurveys 
for  determining  changed  conditions  were  completed  or  underway  in_5  areas. 

Urban  highway  planning 

Research  was  continued,  utilizing  data  from  selected  metropolitan  area  traffic 
studies,  to  develop  factors  and  indices  and  improve  methods  of  estimating  both 
present  and  future  urban  travel  patterns.  It  is  desired  to  establish  the  relation 
between  residents'  vehicvilar  trips  and  such  variables  as  population  size  or  densit3^ 
distance  from  central  area,  automobile  ownership,  family  income,  and  land  use. 

A  comprehensive  analysis  of  data  developed  from  the  home-interview  type  of 
traffic  study  in  50  urV:)an  areas  was  completed.  This  study  encompassed  in- 
formation relative  to  certain  household  characteristics  of  the  areas,  such  as  dw^ell- 
ing  vniits,  persons,  and  automobiles  owned,  and  the  relations  between  these 
characteristics  and  the  volume  of  trips  made  by  the  urban  residents.  In  these 
studies  the  urban  areas  were  grouped  by  population  size  and  by  economic  charac- 
ter. One  of  the  indications  is  remarkable  uniformity  in  the  proportion  of  trips 
for  each  particular  trip  purpose,  i.  e.,  work,  shop,  and  .social  and  recreational,  in 
cities  of  all  sizes.  The  study  indicates  the  desirability  of  additional  analysis, 
jjarticularly  determination  of  the  dependence  to  be  placed  on  factors  such  as  car 
ownership  and  distance  from  the  central  area  in  estimating  traffic  demands. 

A  statistical  study  to  determine  the  effect  of  family  income,  automobile  owner- 
ship, distance  from  the  central  business  district,  and  population  density  on  number 
of  trips  per  dwelling  unit  in  Washington,  D.  C,  was  completed.  It  was  found  that 
automobile  ownership  was  the  strongest  variable  in  predicting  total  vehicular 
trips.  However,  initial  results  indicate  that  in  estimating  transit  trips  best 
results  ])rol)ably  would  be  attained  by  using  ^variables  other  than  automobile 
ownership. 
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A  stud}-  of  the  factors  affecting  mode  of  travel,  such  as  land  use,  transit  service, 
population  and  population  density,  number  of  persons  employed,  and  automobile 
registration,  was  underway.  Metropolitan  area  origin-destination  traffic  surveys 
in  26  cities  for  which  detailed  information  on  transit  service  and  land  use  could  be 
obtained  were  studied  in  this  manner  and  others  will  be  included  as  similar  data  are 
obtained. 

Toll-road  studies 

Studies  of  traffic  using  toll  roads  were  continued  in  order  to  establish  a  sound 
basis  for  estimating  the  volume  and  kind  of  traffic  likelj^  to  be  attracted  to  a 
high-type  highway.  Such  information  is  especially  needed  in  planning  the 
National  System  of  Interstate  and  Defense  Highways. 

Analyses  of  the  data  for  the  Maine  Turnpike  and  the  eastern  extension  of  the 
Pennsylvania  Turnpike  were  completed  and  reports  published.  Analysis  of 
travel  data  obtained  in  the  area  of  the  western  extension  of  the  Pennsylvania 
Turnpike  was  continued.  Arrangements  were  made  to  study  traffic  on  the  Ohio 
Turnpike. 

The  diversion  and  the  generation  of  traffic  resulting  from  improved  facilities 
and  the  long-time  growth  of  traffic  must  be  considered  in  designing  a  highway. 
Traffic  information  for  both  average  and  high-type  facilities  are  required. 

Completed  studies  show  that  traffic  diversion  to  toll  roads  is  greater  for  passen- 
ger cars  than  for  commercial  vehicles  except  in  mountainous  areas.  It  was 
found  that  a  much  greater  increase  in  traffic  in  the  vicinity  and  general  direction 
of  a  turnpike  resulted  after  its  opening  than  elsewhere  in  the  State.  The  increase 
is  generated  traffic  or  traffic  diverted  from  routes  not  in  the  immediate  vicinity  of 
the  turnpike. 

Motor-vehicle-use  studies 

Studies  of  motor-vehicle  use  were  conducted  in  cooperation  with  the  State 
highway  departments.  They  were  designed  to  yield  information  on  the  propor- 
tion of  travel  in  rural  and  urban  areas  and  the  principal  highway  systems  used, 
rural  and  urban  ownership  of  vehicles,  and  pertinent  characteristics  of  travel 
including  modes  of  home-to-work  travel,  purpose  of  travel,  and  frequency  and 
length  of  trips.  This  information  is  fundamental  in  the  solution  of  highway 
planning  and  financing  problems.  At  the  close  of  the  fiscal  year  field  work  of 
these  studies  had  been  completed  in  20  States  and  in  Hawaii  and  work  was  under- 
way in  2  States;  at  least  3  other  States  anticipated  starting  such  studies. 

Based  on  information  from  16  States,  highway  travel  was  found  to  be  pre- 
dominantly of  short  distance.  About  59  percent  of  passenger-car  trips  were  less 
than  5  miles  and  79  percent  less  than  10  miles,  one-way  length.  Less  than  1 
percent  exceeded  100  miles.  On  the  basis  of  vehicle-mileage,  however,  29  percent 
of  the  travel  consisted  of  trips  under  10  miles  but  20  percent  resulted  from  the 
small  proportion  of  trips  of  100  miles  and  longer.  The  average  length  of  all  trips 
was  8.5  miles. 

Parking  facilities 

Data  on  parking  and  travel  habits,  valuable  in  urban  planning,  was  prepared 
for  a  revision  of  the  Parking  Guide  for  Cities,  soon  to  be  published.  .A.s  an  ex- 
ample, a  comparison  of  prevailing  curb  time  restrictions  with  parking  habits 
made  it  evident  that  in  nearly  every  city  there  was  need  for  more  15-  and  30- 
minute  spaces  and  proportionately  fewer  1-hour  spaces. 

Although  there  has  been  an  increase  in  the  number  of  parking  spaces,  the  in- 
crease developed  in  offstreet  areas  where  turnover  was  low  and  hence  the  volume 
of  parking  accommodated  was  actually  less  than  the  increase  in  space  indicates. 
Increase  in  parking  space  has  not  developed  as  fast  as  need. 
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A  procedure  developed  in  1955,  for  a  simplified  parking  study  for  use  in  small 
cities,  gave  good  results  in  a  pilot  study  and  was  in  general  use. 

Economic  cost  of  motor-vehicle  accidents 

The  first  phase  of  a  comprehensive  study  of  the  economic  cost  of  motor-vehicle 
accidents  was  completed  in  Massachusetts.  For  the  first  time,  the  direct  annual 
costs  of  traffic  accidents  to  passenger-car  owners  and  the  occupants  and  pedestrians 
involved  have  been  determined  in  detail,  for  an  entire  State.  These  costs  were 
correlated  with  such  items  as  highway  systems,  population  groups,  weather,  and 
other  relate:!  items.  The  direct  costs  consist  of  costs  of  hospitalization,  medical 
and  dental  e.xpenses,  ambulance  costs,  property  damage  costs,  value  of  time  lost 
from  income-producing  work,  legal  and  court  costs,  damages  awarded  in  excess  of 
all  other  direct  costs,  and  minor  miscellaneous  costs.  These  annual  direct  costs  in 
Massachusetts  were  found  to  be  $57  million,  in  a  State  having  a  population  of 
approximately  4.9  million  with  nearly  1^4  million  passenger-car  registrations. 

Preparation  of  similar  costs  to  truck  owners  was  begun.  The  indirect  costs  of 
all  highway  traffic  accidents  in  Massachusetts  ^\ill  be  determined  before  the  study 
is  complete. 

On  the  basis  of  the  highly  significant  data  being  developed  in  Massachusetts, 
exploratory  conferences  were  held  with  seven  other  States,  and  it  was  anticipated 
that  a  number  of  them  would  inaugurate  similar  studies. 

Studies  of  paved  shoulders 

In  cooperation  with  the  highway  departments  of  nine  western  and  southwestern 
States,  speeds,  transverse  positions,  and  passing  practice  data  were  recorded  for  a 
total  of  115,000  vehicles  at  79  locations  during  the  summer  of  1955.  These  data 
were  obtained  in  an  effort  to  evaluate  the  merits  of  2-lane  rural  roads  with  full- 
width  paved  shoulders.  For  comparative  purjDOses,  highways  with  normal 
shoulders  such  as  grass  or  gravel  and  highways  with  cross  sections  typical  to  a 
particular  State  were  also  included  in  the  studies. 

The  data  were  summarized  separately  for  each  State  and  eft'orts  directed  toward 
a  uniform  summarization  and  analysis  of  the  data  for  a  comprehensive  reiDort. 
It  was  expected  that  this  information  would  supply  answers  to  a  number  of 
ciuestions  relating  to  the  regulation  and  control  of  traffic  on  highways  with  paved 
shoulders  that  are  similar  in  appearance  to  the  surface  of  traffic  lanes.  The 
solution  to  this  problem  is  particularly  important  to  the  western  and  southwestern 
States  where  the  greatest  mileage  of  this  type  of  shoulder  construction  is  found. 

Driver  heha\ior  on  a  structure  with  a  partial  shoulder 

Highway  shoulders  adjacent  to  traveled  lanes  provide  a  place  of  refuge  for 
disabled  vehicles.  On  long  bridges  and  other  structures,  particularly  in  urban 
areas,  the  provision  of  full-'width  shoulders  increases  the  cost  materially.  Design 
engineers  have  been  considering  tlie  advantages  an  1  disadvantages  of  a  partial 
shoulder. 

In  Fort  Worth,  Tex.,  a  4-lane  divided  higliway  structure  was  built  with  a 
partial  shoulder,  6  feet  wide  with  a  4-inch  mountable  curb,  provdded  adjacent  to 
the  right-hand  lane.  This  is  believed  to  be  the  only  structure  in  the  country  having 
this  feature.  A  study  of  speeds  and  placements  of  vehicles  was  conducted  in 
cooperation  with  the  Texas  State  Highway  Department  during  March  1956. 

Preliminary  results  indicated  that  there  was  a  considerable  difference  between 
the  behavior  of  traffic  on  a  4-lane  divided  highway  with  a  wide  median  and  shoul- 
ders and  the  behavior  of  traffic  on  the  structure  with  the  partial  shoulder,  especially 
when  a  car  was  parked  on  the  partial  shoulder.  It  was  evident,  however,  that  the 
two  lanes  of  traffic  moving  in  one  direction  could  continue  to  move  over  the  bridge 
at  reasonable  speeds  anrl  with  safety,  when  a  disabled  vehicle  was  parked  on  the 
partial  shoulder.     This  would  not  have  been  possible  without  a  partial  shoulder. 
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Highway  capacity  research 

Further  study  of  highway  capacity  at  intersections  at  grade  and  entrances  and 
exits  on  expressways  was  in  progress.  The  Highway  Capacity  Manual  published 
by  Public  Roads  has  been  widely  used  in  the  design  and  operation  of  freeways  and 
urban  streets.  Its  importance  justifies  keeping  it  up  to  date  and  refining  capacity 
determination  procedures. 

Safe,  efficient  use  of  freeways  cannot  be  achieved  without  proper  provision  for 
the  merging  of  traffic  streams  at  points  of  access,  and  for  the  interweaving  of 
vehicles  between  lanes  as  traffic  approaches  points  of  divergence.  Practices 
ana  principles  followed  in  the  design  of  ramp  terminals  and  weaving  sections  vary 
widely.  During  the  A^ear,  movement  of  vehicles  was  studied  at  numerous  locations 
for  the  purpose  of  determining  capacities  of  ramp  terminals  and  weaving  sections 
having  a  variety  of  geometric  design  features.  The  knowledge  thus  gained  will 
result  in  freeways  of  the  future  being  so  designed  as  to  carry  their  traffic  load  with 
minimum  congestion  and  with  the  highest  degree  of  safety.  Sixty  cities  in  24 
States  submitted  detailed  data  for  416  of  the  most  congested  intersections  in  the 
country. 

Reduction  in  erratic  driving  by  proper  signs  and  markings 

High-speed,  heavily  traveled  expressways  present  new  and  complex  problems 
,  in  traffic  control.  To  develop  the  standards  for  improved  signs  and  markings, 
which  are  vital  to  safe  and  efficient  handling  of  traffic,  studies  were  initiated  on  a 
portion  of  the  Pentagon  road  network  near  Washington,  D.  C. 

Pavement  markings  were  effective  in  reducing  erratic  driving  practices,  with 
an  overall  reduction  of  46  percent.  Although  the  rate  of  erratic  di-iving  by  out-of- 
town  drivers  was  several  times  as  great  as  by  local  drivers,  the  new  traffic  control 
measures  produced  substantially  the  same  percentage  reductions  for  each  group. 

These  studies  showed  that  a  relation  may  exist  between  erratic  driving  practices 
and  accidents.  If  such  a  relation  can  be  established,  it  will  be  easier  to  evaluate 
the  effectiveness  of  changes  in  traffic  control  measures  and  highway  design 
practices. 

The  studies  revealed  that  accidents  were  reduced  29  percent  after  placement  of 
pavement  markings  that  were  reflectorized.  The  most  pronounced  improvement 
was  at  night  and  during  inclement  weather.  Drivers  are  most  in  need  of  guide 
lines  when  visibility  is  reduced.  Reflectorized  pavement  markings  appear  to  fill 
this  need. 

Installation  of  improved  highway  signs  subsequent  to  improvement  of  the 
pavement  markings  resulted  in  a  further  reduction  in  erratic  driving.  As  more 
accident  data  are  collected,  it  may  be  possible  to  measure  the  effect  of  improved 
signs  on  accidents.  >. 

It  was  found  that  advance  warning  signs,  adequately  designed  and  well  located, 
can  guide  traffic  into  proper  lane  positions  in  advance  of  a  complex  intersection. 
Out-of-town  drivers,  who  usuallj'  are  unfamiliar  with  the  route,  were  particularly 
benefited  by  this  type  of  treatment.  Because  these  drivers  tend  to  drive  in  the 
right-hand  lane,  good  advance  warning  signs  are  especially  required  for  exits  on 
the  left. 

Access  connections  to  roadside  businesses 

Studies  have  shown  that  expressways  with  full  control  of  access  have  fatality 
rates  that  are  about  one-third  of  those  found  on  conventional  highways.  Most 
existing  highways  do  not  have  control  of  access.  Where  access  is  not  fully  con- 
trolled, the  frequency  and  design  of  access  points  to  commercial  establishments 
are  recognized  as  two  of  the  most  important  physical  elements  affecting  the  safe 
and  efl&cient  operation  of  the  highway.  Studies  of  the  movement  of  vehicles  into 
and  out  of  roadside  business  places  are  being  conducted  to  develop  standards  for 
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driveway  entrances.  Such  studies  at  11  gasoline  stations  were  completed  in 
cooperation  with  the  New  York  State  Department  of  Public  Works. 

It  was  found  that  channelization  at  a  station  by  curbs  produced  an  orderly  and 
concentrated  movement  of  traffic  into  and  out  of  the  station,  compared  to  the 
disorderly  pattern  existing  when  the  entire  frontage  was  left  open  to  the  highway. 
The  average  entrance  speed  was  only  6  miles  per  hour  at  the  channelized  stations 
with  a  90-degree  angle  of  driveway  entrance.  As  the  entrance  angle  was  reduced, 
the  entrance  speed  increased  proportionately  to  16  miles  per  hour  for  a  30- degree 
angle  of  driveway  entrance. 

Another  important  finding  was  that  the  two  main  driveways  handled  at  least 
80  i^ercent  of  the  traffic  at  stations  having  more  than  two  driveways.  It  was 
also  found  that  nearly  all  vehicles  entered  within  a  26-foot  width  of  driveway, 
measured  at  right  angles,  even  when  the  available  driveway  was  much  wider. 

An  analysis  of  motor-vehicle  accidents  revealed  that  the  number  of  accidents  per 
mile  of  service-station  frontage  on  New  York  State  rural  highways  was  about  85 
percent  higher  than  the  overall  rural  highway  accident  frecjuency  in  the  State. 

These  studies,  together  with  similar  studies  that  may  be  conducted  in  other 
States,  will  make  it  possible  to  formulate  standards  for  access  to  roadside  businesses 
based  on  factual  information. 

Highway  crash  barrier  research 

Public  Roads,  in  cooperation  with  the  University  of  New  Hampshire,  undertook 
in  January  1955  a  study  to  determine  the  effectiveness  of  hedges  of  multiflora 
roses  as  crash  barriers  in  stopping  a  passenger  car  running  off  the  road.  It  had 
been  suggested  that  such  plantings  could  be  used  on  the  highway  to  catch  an 
errant  vehicle  without  the  usual  injury  to  persons  and  damage  to  property. 

The  immediate  objectives  were  to  determine  the  deceleration  rate,  stopping 
distance,  and  general  behavior  of  the  vehicle,  the  physical  effect  upon  the  driver 
and  an  observer,  and  the  extent  of  damage  to  both  the  automobile  and  the  plants. 
Test  runs  were  made  at  speeds  of  20  to  50  miles  per  hour  and  from  various  angles 
of  approach;  some  in  July  1955  when  the  bushes  were  in  full  foliage  and  some  in 
December  1955  when  the  bushes  were  denuded. 

It  was  concluded  that  multiflora  rose  hedges  are  effective  barriers  for  stopping 
passenger  cars  provided  there  is  sufficient  growth.  For  the  passenger  car  to  be 
stopped  within  the  hedge  at  speeds  of  about  50  miles  per  hour,  the  minimum 
effective  length  of  bushes  on  the  path  of  travel  was  75  feet.  The  maximum 
deceleration  recorded  during  the  tests  was  severe  enough  to  indicate  that  some 
form  of  protection  within  the  vehicle  should  be  used.  No  one  was  injured,  but 
the  driver  and  passenger  wore  lap  and  shoulder  seat  belts.  They  reported  that 
shock  during  the  stop  seemed  no  more  severe  than  an  extreme  emergency  stop. 
The  car  received  only  minor  scratches. 

Only  the  life-saving  possibilities  of  barrier  hedges  were  investigated.  Related 
problems  of  snow  removal,  drainage,  accumulation  of  litter,  monotony,  and 
highway  user  reaction  were  still  to  be  evaluated  from  experience  with  plantings. 

Brake  research 

Public  Roads  completed  a  study  of  the  braking  performance  of  over  1,250  motor 
vehicles  selected  at  random  from  the  general  stream  of  traffic.  Passenger  cars, 
single-unit  trucks,  and  truck  combinations  on  the  highways  in  Maryland, 
Michigan,  and  California  were  tested.  The  study  provides  current  information  on 
levels  of  brake  performance  of  the  various  vehicle  types  found  on  the  highways 
and  brings  up  to  date  the  results  of  similar  tests  performed  in  1949.  Findings  of 
the  study  will  be  particularly  useful  in  examining,  for  possible  revision,  present 
highway  standards  and  regulatory  measures  in  which  vehicle  stopping  ability  is 
an  important  factor. 
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Results  of  the  current  study  indicate  the  15  percent  of  passenger  cars  with  the 
best  performance  require  about  the  same  distance  to  stop  as  the  corresponding 
group  of  cars  in  1949,  but  at  the  85-percentile  level  the  performance  was  about 
10  percent  better  than  in  1949.  In  general,  the  performance  of  the  single-unit 
trucks  and  smaller  combination  vehicles  showed  little  change  since  1949,  but  the 
performance  of  the  larger  combination  vehicles  showed  a  small  improvement. 

Economics  of  motor- vehicle  size  and  weight 

Determination  of  the  overall  cost  of  highway  freight  transportation  by  various 
types  of  vehicles  is  essential  for  rational  determination  of  truck  size  and  weight 
limits.  Costs  include  those  of  owning,  maintaining,  and  operating  trucking 
equipment,  plus  such  costs  of  constructing  and  maintaining  highway  facilities  as 
may  properly  be  assigned  to  freight  vehicles. 

Two  major  questions  must  ultimately  be  answered:  What  are  the  optimum  size 
and  weight  specifications  that  will  result  in  the  lowest  overall  cost  of  highway 
freight  transportation?  Are  such  optimum  size  and  weight  specifications  appli- 
cable uniformly  in  all  States  or  regions  of  the  Nation? 

In  a  program  of  research  being  carried  on  in  collaboration  with  the  Highway 
Research  Board  committee  on  economics  of  motor-vehicle  size  and  weight,  vehic- 
ular cost  and  operating  data  are  being  collected  by  interviewing  motor  carriers 
throughout  the  country.  By  the  end  of  June  about  2,400  carriers  had  been 
approached  in  35  States  and  the  District  of  Columbia.  About  20  percent  of  these 
carriers  supplied  useful  data.  Field  work  was  to  be  started  in  five  additional 
States  before  the  end  of  1956  and  completed  in  all  States  by  June  1957. 

Hydraulic  Research 

Research  in  the  field  of  highway  hydraulics,  while  not  large  compared  to  that 
in  other  fields,  is  unique  in  that  about  two-thirds  of  the  total  money  spent  is  for 
research  done  by  others  under  agreement  with  the  Bureau  of  Public  Roads.  The 
policy  is  to  make  use  of  expert  knowledge  wherever  available,  rather  than  to  at- 
tempt to  build  up  a  large  staff  of  technicians  and  research  facilities  which  would 
in  some  measure  duplicate  those  available  in  other  Federal  agencies  or  in  univer- 
sities. Public  Roads  is  interested  primarily  in  the  application  of  research.  The 
staff  is  able  to  concentrate  most  of  its  effort  on  development  of  design  techniques 
rather  than  in  the  exacting  task  of  conducting  experiments  in  the  hydraulic 
laboratory. 

The  hydrologic  research  conducted  by  Public  Roads  has  been  directed  toward 
development  of  sound  statistical  methods  of  analyzing  the  vast  amount  of  data 
on  runoff  in  published  records  of  the  U.  S.  Geological  Survey.  The  highway 
engineer  is  concerned  with  peak  rates  of  flow.  Accordingly,  the  studies  have 
been  aimed  at  getting  the  most  reliable  estimates  of  flood  magnitude  and  fre- 
quency obtainable  at  reasonable  cost  on  a  mass  production  basis. 

During  the  past  year  several  significant  advances  have  been  made  in  statistical 
analysis  of  flood  data,  both  stemming  from  graduate  study  by  a  staff  engineer. 
A  novel  method  of  separating  ordinary  floods  from  major  floods  has  demonstrated 
that  the  former  can  be  estimated  reliably  from  a  short  period  of  record  and  that 
certain  fixed  relations  exist  over  wide  geographic  regions  between  the  10-year 
flood  based  on  this  short  period  and  the  10-year  flood  based  on  major  flood  oc- 
currences. This  greatly  improves  the  reliability  of  flood  estimating.  A  second 
notable  achievement  relates  to  the  selection  of  representative  gaging  stations  in 
a  given  hydrologic  region.  By  proper  selection  a  relatively  small  number  of 
stations  have  been  found  to  define  flood  discharge  as  related  to  size  of  watershed 
with  better  reliability  than  was  obtained  from  using  additional  stations  which  had 
the  effect  of  throwing  the  sample  out  of  balance.     This  finding  can  also  be  applied 
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by  the  data-gathering  agenck'S  in  establishing  networks  of  gaging  stations  in  a 
region  where  insufficient  records  are  available  to  define  flood  runoff  characteristics. 

Hydrologic  studies  have  been  made  for  Public  Roads  by  three  agencies.  The 
Weather  Bureau  has  nearly  completed  the  development  of  a  method  of  using  long- 
term  rainfall  records  as  a  means  of  extending  short-term  runoff  records  and  there- 
by has  improved  the  reliability  of  flood  estimates.  Stanford  ITniversity  has  com- 
pleted a  study  of  the  relation  between  intensity  of  rainfall  and  various  topographic 
indices  (the  study  is  limited  to  northern  California  where  variations  in  rainfall 
are  extreme).  The  I  diversity  of  California  is  testing  the  applicability  of  the 
new  method  of  analyzing  flood  frequency  to  data  for  watersheds  along  the  westerly 
slope  of  the  Sierra  Nevada  Mountains. 

Hydraulic  research  was  conducted  on  culverts,  bridges,  and  storm  drains  under 
cooperative  agreements  with  Public  Roads,  or  a  State  highway  department  using 
Federal-aid  funds,  at  three  institutions.  The  Iowa  Institute  of  Hydraulic  Re- 
search completed  two  reports  to  be  published  by  the  Iowa  State  Highway  Com- 
mission. The  first  provided,  for  the  first  time,  design  data  for  estimating  the 
proba])le  dej^th  of  scour  around  a  bridge  pier  as  the  flood  stage  increased.  This 
is  the  cuhnination  of  7  years  of  jxiinstaking  research.  The  second  report  gave 
data  for  estimating  how  much  sand  and  silt  could  be  carried  in  a  storm  drain  or 
culvert  without  causing  blockage  and,  if  blockage  did  occur,  the  extent  to  which 
the  flow  capacity  of  the  pipe  line  would  be  reduced;  data  were  also  provided  for 
designing  traps  to  retain  sediment  not  transportable  beyond  a  certain  point  in  the 
system.      The  Institute  also  worked  on  the  hydraulics  of  box  culvert  inlets. 

The  Missouri  State  Highway  Commission  joined  with  Public  Roads  3  years  ago 
in  sponsoring  research  at  the  ITniversity  of  Missouri  on  the  efficiency  of  junctions 
in  storm  drain  systeins.  Significant  results  departing  markedly  from  old  con- 
cepts have  resulted.  A  progress  re])ort  was  presented  to  the  Highway  Research 
Board. 

Of  far-reaching  importance  is  the  research  on  the  hydraulics  of  highway  bridges 
begun  in  1954  for  Public  Roads  at  Colorado  Agricultural  and  Mechanical  College. 
These  model  studies  have  resulted  in  development  of  a  simple  method  of  estimat- 
ing the  increase  in  water-surface  elevation  upstream  from  the  bridge  (called  back- 
water) caused  by  the  contraction  in  waterway  area  dvie  to  piers  and  abutments 
of  various  types  and  arrangements.  These  data  are  of  great  value  since  the  length 
and  cost  of  a  bridge  can  vary  as  nnich  as  20  to  30  percent  de])ending  on  the  allow- 
able amount  of  backwater  at  a  given  flood  stage. 

Research  on  hydraulics  of  culverts  at  the  National  Bureau  of  Standards  with 
funds  provided  by  Public  Roads  continued.  This  investigation,  now  going  into 
its  third  year,  has  upset  many  of  the  old  beliefs  as  to  how  water  flows  in  a  culvert. 
Ordinary  culverts  were  found  to  be  rather  inefficient  in  that  they  flowed  partly 
full  even  when  ponded  water  at  the  entrance  was  overflowing  the  road.  The  re- 
search has  shown  that  new  forms  of  entrances  can  force  culvert  barrels  to  flow 
full  at  maximum  caj^acity.  Industry  will  be  invited  to  participate  in  final  develop- 
ment of  commercial  designs  when  sufficient  data  are  available. 

Physical  Reseaiwh 

It  has  become  more  apparent  that  emphasis  must  ))e  placed  on  studies  of  the 
durability  of  highways  and  associated  structiu'es,  and  on  means  of  using  local 
materials  to  the  l>est  advantage.  Depletion  of  good  materials  in  some  areas  has 
caused  concern,  and  eft'orts  to  imj^rove  and  make  use  of  tlie  materials  remaining 
are  necessary.  Many  of  the  inv<'stigations  mentioned  heic  were  made  for  these 
two  purposes.  Much  of  this  work  was  continued  from  previous  years.  In  most 
cases  this  was  due  to  recjuests  from  State  highway  departments  to  include  addi- 
tional materials  or  to  add  addilional  services  other  than  tliose  contempjaled  when 
the  work  was  .started. 
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Soil  studies 

Studies  of  the  properties  of  soil  were  made  in  cooperation  with  State  and  Federal 
agencies.  The  development  and  production  of  soil  reports  and  maps  for  engineer- 
ing purposes  was  continued  for  Illinois,  Maine,  and  Rhode  Island.  In  addition, 
maps  showing  construction  materials  and  drainage  were  prepared  for  Maine  with 
the  assistance  of  its  highway  department.  A  nationwide  survey  of  soils  was  con- 
tinued with  the  cooperation  of  the  Soil  Conservation  Service  of  the  U.  S.  Depart- 
ment of  Agriculture.  Samples  of  soil  from  16  counties  in  10  States  were  received 
for  this  work.  Reports  regarding  the  engineering  application  of  soil  survey  in- 
formation were  prepared  for  inclusion  in  agricultural  soil  bulletins  for  three  of 
these  counties.  In  another  study  in  cooperation  with  the  Soil  Conservation 
Service,  a  complete  series  of  tests  to  determine  all  characteristics  of  the  major 
types  of  soil  in  the  United  States  of  interest  to  engineers  was  started.  Samples 
from  six  States  were  received  for  this  investigation. 

Published  information  in  the  form  of  maps  and  reports  can  be  used  with  aerial 
photographs  to  give  a  sound  knowledge  of  the  materials  available  for  highway 
construction.  To  demonstrate  this,  a  study  of  such  sources  of  information  for 
one  county  was  made  and  a  soil  map  and  a  report  on  the  properties  of  the  soil 
M'ere  prepared. 

Investigation  of  the  extremely  fine  particles  of  soil  which  cause  clays  to  be 
plastic  was  continued.  A  prehminary  report  on  the  influence  of  type  and  amount 
of  these  soil-clay  minerals  on  the  properties  of  soil  materials  was  prepared.  Due 
to  the  small  size  of  these  particles,  special  methods  of  examination  including 
X-ray  diffraction,  differential  thermal  analysis,  and  base  exchange  were  used  in 
this  work.  Determination  of  the  surface  area  of  some  clay  minerals  was  made, 
using  a  method  in  which  the  retention  of  glycerin  was  measured. 

A  preliminary  report  was  prepared  regarding  t^ie  use  of  physical  test  data  to 
evaluate  shale,  burned  shale,  chert,  and  refuse  from  coal  mines  for  use  in  base 
courses  and  shoulders  of  highways  in  Maryland,  Pennsylvania,  and  West  Virginia. 
The  study  to  determine  whether  the  type  and  nature  of  the  clay  minerals  in 
these  construction  materials  are  related  to  their  field  behavior  in  roads  was 
continued. 

The  cooperative  research  program  between  several  chemical  manufacturing 
companies  and  Public  Roads  to  develop  and  evaluate  chemicals  to  stabilize 
clayey  and  silty  soils  sufficiently  to  permit  their  use  as  base-course  materials  for 
roads  was  continued. 

Cooperative  studies  in  Indiana  and  Ohio  to  determine  the  effectiveness  of 
subbases  of  granular  material  and  soil-cement  for  the  control  of  pumping  of 
concrete  pavement  were  continued.  Traffic  counts,  truck-weight  surveys,  and 
observation  of  the  behavior  of  pavement  slabs  were  made  periodically.  In  the 
Indiana  study,  instruments  developed  by  Purdue  University  were  used  to  de- 
termine the  strain  and  deflection  in  pavement  slabs  caused  by  truck  wheel  loads 
of  known  magnitude. 

An  investigation  of  the  shear  strength  of  soil  at  various  conditions  of  moisture 
content  and  density  was  begun  and  tests  of  one  soil  were  completed.  It  is 
anticipated  that  shear  strength  data  of  a  variety  of  soils  will  be  useful  in  determin- 
ing the  need  for  specifying  the  desired  moisture  content  and  density  in  the  com- 
paction of  specific  types  of  soil  in  embankment  construction. 

Cooperation  with  Oklahoma  in  the  study  of  the  performance  of  over  350  miles 
of  nonrigid  pavements  in  six  significantly  different  soil  areas  in  that  State  was 
continued.  The  planning  for  this  project  was  reported  at  the  annual  meeting 
of  the  Highway  Research  Board.  It  is  expected  that,  from  these  and  similar 
studies,  the  significance  of  the  deflection  characteristics  of  nonrigid  pavements 
under  load  can  be  evaluated. 
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liituiiiinous  materials  and  mixtures 

The  study  of  rubber  in  bituminous  pavements  was  continued.  Three  additional 
rubbers  were  tested  in  combination  with  asphalt  and  in  asphaltic  concrete  mixtures. 
The  field  and  laboratory  study  of  rubber  emulsion  in  sand-asphalt  pavement  in 
the  District  of  Columbia  was  continued.  The  experimental  sections  were  com- 
pleted and  placed  under  observation  and  companion  tests  made  to  evaluate  the 
use  of  rubber  for  such  purpose. 

The  study  of  the  quality  of  asphalts  has  been  continued  and  extended  through 
examination  of  samples  of  asphalt  from  man}*  sources  which  were  used  in  con- 
struction with  variable  results.  Tests  to  determine  a  direct  correlation  between 
the  quality  of  asphalt  and  the  service  behavior  of  pavements  were  started. 

Laboratory  and  field  studies  of  bituminous  pavements  designed  to  correlate 
properties  of  aggregates,  asphalts,  and  bituminous  mixtures  with  service  behavior 
were  continued.  A  study  of  a  section  of  pavement  in  Washington,  D.  C,  which 
had  been  under  test  and  observation  for  20  years,  was  completed. 

The  study  of  additives  for  bituminous  materials  with  special  reference  to  their 
heat  stability  was  continued.  Informal  reports  on  the  merits  of  a  number  of 
commercial  additives  were  made  to  various  governmental  agencies. 

Studies  designed  to  standardize  and  improve  the  precision  of  tests  of  bituminous 
mixtures  and  pavements  were  continued.  Studies  were  conducted  by  Public 
Roads  both  independently  and  in  cooperation  with  State  highway  departments 
and  Highway  Research  Board  committees. 

Cement,  aggregates,  and  concrete 

Study  of  the  alkali-aggregate  reaction  in  concrete  continued  to  require  con- 
siderable testing  and  research.  Aggregates  from  a  number  of  sources  were  tested 
for  susceptibility  to  attack  by  the  alkalies  in  cement.  Tests  to  determine  the 
effect  of  two  proprietary  materials  on  this  reaction  were  made.  A  comprehensive 
series  of  tests  was  undertaken  to  study  the  feasibility  of  using  concrete  specimens 
for  testing  coarse  aggregates  rather  than  mortar  bars  prepared  with  the  coarse 
aggregate  crushed  to  sand  size.  A  chemical  test  for  the  susceptibility  of  aggregates 
to  reaction  with  alkalies  was  applied  to  a  large  number  of  materials.  The  use- 
fulness of  this  test,  which  reciuires  only  24  hours  to  perform,  was  assessed  by 
reference  to  mortar  bar  data.  It  was  found  unsuitable  for  aggregates  containing 
dolomite. 

During  recent  ,years,  considerable  dissatisfaction  has  been  expressed  by  many 
State  highway  agencies  in  regard  to  the  nonuniformity  of  type  I  portland  cement 
as  produced  at  some  plants.  In  an  effort  to  overcome  this  difficulty,  some  States 
have  specified  type  II  cement  where  the  special  properties  of  this  cement  were 
not  required.  Other  highway  departments  have  written  their  own  special 
provisions  regarding  chemical  restrictions  in  order  to  obtain  more  uniform  cement. 
To  obtain  first-hand  data  on  the  variation  in  properties  of  cement  from  a  single 
plant,  samples  of  cement  were  taken  from  80  different  shipments  to  a  construction 
job.  Although  the  chemical  compositions  of  these  cements  were  quite  uniform, 
the  strength-producing  properties  were  variable.  An  extensive  series  of  tests  was 
undertaken  to  determine  the  cause  of  this  nonuniformity. 

The  service  life  of  some  concrete  structures  can  be  extended  many  years  if  an 
economical  means  can  be  found  to  prevent  water  frouT  entering  the  concrete. 
Although  linseed  oil  paints  have  been  used  for  this  purpose  with  some  success  in 
the  past,  a  program  of  tests  was  initiated  to  deterniine  the  suitability  of  new 
materials  such  as  silicones,  stabilized  rubber  latex,  and  the  poly-plastics. 

During  recent  years,  there  has  been  considerable  interest  in  the  use  of  fly  ash 
in  concrete.  Highway  agencies  in  particular  are  interested  in  the  possibility  of 
using  this  relatively  inexpensive  waste  product  from  the  burning  of  pidverized 
coal  as  a  replacement  for  part  of  the  cemeait.  Such  replacement  is  feasible  because 
fly  ash  is  a  finely  divided  pozzolanic  material  which  reacts  with  the  lime  in  con- 
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Crete  to  form  additional  cementing  material.  Fly  ash  also  improves  the  work- 
ability of  plastic  concrete  because  of  the  generally  spherical  shape  of  the  individual 
particle.  An  investigation  involving  34  different  fly  ashes  was  made  to  obtain 
data  for  use  in  preparing  specifications  and  methods  of  test  for  this  material. 

In  a  separate  investigation,  the  effect  of  four  fly  ashes  on  the  strength  and 
durability  of  concrete  was  studied.  Concrete  containing  fly  ash  as  a  replacement 
for  part  of  the  cement  had  low  strength  at  early  ages,  but  at  1  year  the  strength 
of  the  concrete  containing  fly  ash  was  equal  or  superior  to  that  of  concrete  not 
containing  the  admixture.  No  marked  improvement  of  fly  ash  concrete  over 
plain  concrete  was  found  with  respect  to  resistance  to  freezing  and  thawing  and 
the  scaling  caused  by  calcium  chloride  used  for  melting  ice.  However,  based  on 
the  volume  of  cement  present  in  each  concrete,  that  containing  fly  ash  was  usually 
superior.  Papers  reporting  the  results  of  these  tests  of  mortar  and  concrete  were 
prepared  for  publication. 

The  development  or  improvement  of  several  methods  of  test  was  undertaken 
during  the  year.  The  present  mortar  strength  test  for  determining  the  quality  of 
fine  aggregate  for  use  in  concrete  is  affected  by  the  grading  as  well  as  the  quality 
of  the  sand  grains.  This  had  resulted  in  a  lack  of  confidence  among  testing  en- 
gineers in  the  results  of  this  test.  A  program  of  tests  has  been  started  to  provide 
the  data  necessary  for  improving  this  test.  Several  different  freezing  and  thawing 
test  procedures  are  presently  used  by  State  highway  laboratories  for  determining 
the  soundness  of  aggregates.  Freezing  and  thawing  tests  on  a  number  of  aggregates 
were  initiated  to  determine  the  relative  severity  of  each  method.  The  service 
record  of  these  materials  is  known  and  will  be  used  in  selecting  the  test  procedure 
most  indicative  of  the  soundness  of  an  aggregate  in  service. 

Shrinkage  of  cement  is  considered  to  be  important  but  there  is  no  general 
agreement  as  to  what  constitutes  an  objectionable  amount  of  shrinkage  and  no 
standard  procedure  for  measuring  this  property.  To  provide  this  type  of  informa- 
tion the  shrinkage  of  a  number  of  cements  during  the  early  stages  of  drying  was 
determined  both  by  measuring  the  time  required  for  a  restrained  neat  cement 
specimen  to  crack  and  by  measuring  the  contraction  of  a  free  specimen.  The 
relation  of  this  shrinkage  data  to  the  ultimate  durability  of  concrete  will  be  studied. 

A  procedure  has  been  proposed  for  determining  the  cement  content  of  plastic 
concrete  which  involves  final  separation  of  the  cement  and  fine  aggregate  by 
centrifuging.    This  method  was  investigated  and  found  to  be  practical. 

Research  on  the  durability  of  concrete  frequently  requires  determination  of 
the  void  content  of  hardened  concrete.  The  linear  traverse  method  which  has 
been  used  to  make  this  determination  is  a  time-consuming  and  tedious  procedure. 
An  investigation  was  started  in  cooperation  with  the  Illinois  Division  of  Highways 
to- study  the  accuracy  of  a  pressure  method  for  obtaining  this  information  with 
less  difficulty. 

An  investigation  of  methods  of  improving  the  quality  of  coarse  aggregates 
which  give  low  flexural  strength  in  concrete  was  continued.  The  strength  of  the 
concrete  to  an  age  of  1  year  was  increased  when  a  smaller  maximum  size  material 
was  used  alone  or  in  combination  with  crushed  material  from  the  larger  particles. 
Use  of  the  smaller  top-size  material  with  a  higher  sand  content  also  increased  the 
strength  of  the  concrete.  In  view  of  the  successful  improvement  of  this  aggregate, 
additional  tests  were  planned  with  two  other  coarse  aggregates  which  also  produce 
concrete  of  low  strength. 

Study  of  methods  of  treating  concrete  to  resist  the  action  of  calcium  chloride 
used  for  ice  removal  was  extended  to  include  the  use  of  water-soluble  and  oil- 
soluble  silicones  as  protective  coatings.  Observations  made  during  the  year 
indicated  that  both  types  were  of  value  for  this  purpose. 

The  cooperative  investigation  conducted  under  the  auspices  of  the  Highway 
Research  Board  for  appraising  the  four  American  Society  for  Testing  Materials 
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methods  of  freezing  and  thawing  tests  of  concrete  was  completed.  The  results 
of  the  Public  Roads  tests  using  the  slow  method  of  freezing  and  thawing  con- 
crete were  reported. 

A  report  on  the  use  of  the  Kelly  ball  for  measuring  the  consistency  of  concrete 
was  prepared.  In  comparison  with  the  standard  slump  cone,  the  Kelly  ball 
eliminates  the  need  of  sampling  and  manipulation  of  the  concrete,  requires  less 
time  to  make  a  test,  and  is  easier  to  clean. 

Investigation  of  a  spring-actuated  impact  hammer,  known  as  the  Swiss  hammer, 
for  use  in  a  nondestructive  test  for  estimating  the  compressive  strength  of  con- 
crete was  continued.  Tests  made  during  the  year  substantiate  results  of  previous 
tests  that  the  instrument  has  value  for  determining  the  relative  change  in  the 
strength  of  concrete.    A  report  was  prepared  for  publication. 

Study  of  a  method  for  the  determination  of  the  indirect  tensile  strength  of 
concrete  cylinders  was  begun.  In  this  test,  load  is  applied  along  the  side  of  a 
cylinder  of  concrete,  and  the  cylinder  fails  by  splitting.  This  method  has  possi- 
bilities as  an  alternate  to  the  usual  test  of  beams  for  flexural  strength. 

A  study  of  methods  of  capping  concrete  cylinders  for  the  compression  test  was 
completed.  Hydraulic  cements  were  found  to  be  the  most  satisfactory  capping 
material  although  the  alternate  materials  which  are  permissible  under  the  speci- 
fications of  the  American  Association  of  State  Highway  Officials  are  also  satis- 
factory. Plaster  of  paris  was  found  unsuitable  for  this  purpose.  A  report  was 
being  prepared  for  publication. 

An  investigation  was  made  of  a  "pocket-size"  air  meter  for  determination  of 
entrained  air  in  plastic  concrete  in  the  field.  Air  content  determination  with 
this  device  correlated  fairly  well  with  the  values  obtained  by  the  pressure  meter 
on  concrete  containing  3  to  6  percent  of  air.  In  tests  of  concrete  containing  less 
than  2  percent  of  air,  good  agreement  between  the  results  furnished  by  the  two 
meters  was  not  obtained.     A  report  on  these  tests  was  prepared. 

Work  on  the  durability  of  concrete  exposed  to  natural  weathering  continued. 
Specimens  made  for  the  long-time  study  and  stored  outside  the  laboratory  were 
examined  and  the  usual  volume  change  and  sonic  tests  were  made.  Annual 
inspections  of  specimens  at  Treat  Island,  Maine,  and  pavement  slabs  at  Wells- 
ville,  N.  Y.,  were  made. 

An  investigation  of  the  use  of  portland  blast-furnace  slag  cements  in  concrete 
was  approximately  half  completed.  These  cements  are  prepared  by  grinding 
together  portland  cement  clinker  and  granulated  blast-furnace  slag.  Strength 
tests,  volume  change  tests,  and  durability  tests  of  the  concrete  were  made.  Use 
of  Portland  blast-furnace  slag  cements  in  concrete  began  in  the  last  2  years  because 
of  a  shortage  of  type  I  portland  cement.  In  addition  to  making  more  hydraulic 
cement  available  with  the  same  plant  equipment  and  facilities,  it  was  believed 
that  the  addition  of  the  slag  to  portland  cement  might  furnish  a  cement  with 
a  greater  ultimate  strength. 

Geophysical  methods  for  subsurface  exploration 

There  was  increased  interest  in  application  of  geophysical  methods  for  sub- 
surface exploration  to  the  problems  of  highway  engineering.  Publication  of 
the  results  of  Public  Roads  studies  and  discussions  and  demonstrations  of  the 
use  of  the  methods  has  created  an  expanding  interest  in  their  use. 

The  simpler  earth-resistivity  method  was  particularly  of  interest  to  the  State 
highway  departments.  During  the  year  three  additional  States  equipped  their 
highway  organizations  for  the  use  of  the  earth-resistivity  method.  A  total  of 
25  States  now  have  resistivity  equipment  in  the  highway  department  or  have 
an  arrangement  with  some  agency  within  the  State,  making  possible  their  use 
of  the  method.     In  addition,  at  least  four  States  have  equipment  for  the  refraction 


40 


seismic  method  of  exploration.     Public  Roads  has  made  extensive  use  of  these 
methods  on  road  work  in  the  National  Parks. 

Training  in  the  use  of  the  earth-resistivity  procedure  was  given  personnel  of 
several  highway  departments  and  to  foreign  engineers. 

The  AASHO  road  test  in  Illinois 

The  previous  annual  report  described  plans  for  a  large-scale  cooperative  inves- 
tigation of  the  performance  of  both  rigid  and  nonrigid  pavements  and  of  highway 
bridges  under  controlled  traffic.  This  research  project,  commonly  referred  to 
as  the  AASHO  or  Illinois  road  test,  is  sponsored  by  the  American  Association  of 
State  Highway  Officials  and  directed  by  the  Highway  Research  Board,  and  has 
received  the  active  support  of  Public  Roads.  This  support  has  included  partici- 
pation in  planning,  consultation  on  matters  of  instrumentation,  and  the  design, 
development,  and  construction  of  special  apparatus  and  test  equipment  for  use 
on  the  project. 

Structural  design  of  pavements 

During  the  year,  Public  Roads  participated  in  a  number  of  other  cooperative 
research  projects  to  develop  information  on  the  design  of  pavements. 

The  cooperative  exploratory  studies  of  the  load-deflection  characteristics  of 
nonrigid  pavements  in  the  vicinity  of  Washington,  D.  C,  mentioned  in  last 
year's  report,  were  continued.  A  complete  series  of  measurements  was  made 
on  certain  selected  pavements  in  Maryland  in  the  fall  of  1955  and  again  in  the 
spring  of  1956.  A  report  of  the  analysis  of  the  data  obtained,  under  the  joint 
authorship  of  State  and  Public  Roads  personnel,  is  planned  for  presentation  at 
the  next  annual  meeting  of  the  Highway  Research  Board.  Similar  studies  at 
another  Maryland  location  were  inaugurated  at  the  request  of  the  State. 

At  the  Missouri  School  of  Mines  a  cooperative  research  project  was  begun 
which  has  for  its  object  the  development  of  certain  basic  information  of  importance 
in  connection  with  the  prestressing  of  concrete  structures,  particularly  concrete 
pavements. 

Other  research  on  concrete  pavement  in  which  Public  Roads  is  participating 
involved  the  construction  and  observation  of  a  continuously  reinforced  concrete 
pavement  in  Pennsylvania.  Observations  and  instrumental  measurements 
will  be  made  by  the  staff  of  Lehigh  University. 

Studies  of  the  stirface  characteristics  of  pavements 

There  was  evidence  of  increased  interest  in  the  equipment  developed  by 
Public  Roads  for  indicating  the  relative  roughness  of  road  surfaces.  Several 
additional  State  highway  departments  have  constructed  the  equipment  from 
plans  furnished  by  Public  Roads.  Various  modifications  and  possible  improve- 
ments suggested  by  others  have  been  investigated  and  means  for  calibrating 
the  unit  as  a  whole  has  been  placed  under  study.  Measurements  were  made 
with  the  equipment  on  a  cooperative  experimental  pavement  in  Michigan  and 
assistance  was  rendered  two  other  States  in  connection  with  the  use  of  their 
road  roughness  indicators. 

The  slipperiness  of  road  surfaces  is  of  increasing  concern  as  traffic  density 
increases  and  the  polishing  effect  of  rubber  tires  becomes  more  pronounced. 
After  studying  the  various  methods  that  have  been  used  for  measuring  the 
slipperiness  of  pavements  in  service,  an  experimental  piece  of  equipment  was 
designed  for  studies  of  this  kind.  The  device  embodies  a  conventional  auto- 
mobile wheel,  tire,  and  springs.  Measurements  may  be  made  for  the  conditions 
of  impending  skidding,  locked  wheel  skidding,  and  sidewise  skidding. 

Bridges 

Studies  of  the  structural  action  of  highway  bridges  under  moving  vehicular 
loads,  mentioned  in  the  last  two  annual  reports,  were  continued.     The  purpose 
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of  the  tests  is  to  develop  information  on  the  strains  and  deflections  caused  by 
heavy,  moving  motor  vehicles  at  critical  points  in  typical  bridge  structures.  It 
is  expected  that  a  large  volume  of  such  data  will  make  possible  refinements  in 
design  procedures,  particularly  in  the  assumptions  regarding  the  effects  of  dynamic 
loads.  Two  bridges  were  tested  in  cooperation  with  the  States  of  Missouri  and 
South  Dakota.  After  analysis  of  the  data  by  the  respective  State  highway 
departments,  the  results  of  the  tests  will  be  made  availal)le  in  published  reports. 

Cooperative  studies  of  the  aerodynamic  behavior  of  suspension  bridges  have 
been  carried  on  at  the  University  of  Washington  for  a  number  of  years  with 
Public  Eoads  as  an  active  participant.  Plans  were  made  to  supplement  this 
work  by  a  program  of  tests  of  section  models  of  suspension  bridges  in  a  M'ind 
tunnel  designed  for  the  purpose  and  now  approaching  completion  at  the  Public 
Roads  Langley  research  station  in  Fairfax  County,  Va.  It  was  expected  that 
the  wind  tunnel  would  be  placed  in  active  operation  within  a  few  months. 

The  possibilities  of  utilizing  some  of  the  newer  types  of  data-reduction  equip- 
ment as  a  means  for  conserving  engineers'  lime  in  the  analysis  of  test  data,  parti- 
cularly bridge  test  data,  were  investigated.  It  was  concluded  that  significant 
economies  were  possible  through  the  use  of  such  eciuipment  and  arrangements 
have  been  completed  foi  its  procurement  for  use  on  bridge  investigations. 
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Table  2. — Projects  under  construction  or  plans  approved  on  June  30,  1956, 
by  class  of  highway  and  by  fund 


Total  cost 


Federal 
funds 


Miles 


Railway-highway  grade- 
crossiag  improvements 


Cross- 
ings 
elimi- 
nated 


Struc- 
tures 
recon- 
structed 


Cross- 
ings 
pro- 
tected 


By  Class  of  Highway 


Primary-rural: 

Interstate _    -__    _. 

$259,  659,  099 
733,  917, 129 
470,  945,  090 

402,  594,  852 
677,  465, 822 

$153,  772,  825 
382, 146,  881 
249, 825,  783 

204,  970,  038 
339,  526,  584 

1, 366.  9 
7,  611.  7 
14,  688. 9 

254.3 
1,  421. 0 

58 
111 
49 

82 
153 

2 

19 
6 

4 
20 

Another 

97 

Secondary-rural ..- 

198 

Urban: 

Tnterstatft 

4 

All  other _         .  _  . 

67 

Subtotal -. 

2,  544,  581,  992 
74,  761, 186 

1, 330,  242,  111 
61,  965,  462 

25, 342. 8 
1, 058. 7 

453 

51 

366 

Not  classified  1 --. 

Total - 

2,  619,  343, 178 

1, 392,  207,  573 

26, 401. 5 

453 

51 

366 

By  Fund 


Federal-aid: 
Primary. 

$985,  503, 427 

474,  728, 160 

757,  565,  950 

306,  575,  590 

682,  282 

18,  522,  714 

1, 003, 869 

$510,861,662 

245, 172,  682 

374,  655,  253 

182,  517,  669 

341, 140 

16, 191,  774 

501,  931 

8,  856. 8 

14,  436.  6 

586.3 

1,  042. 3 

159 
51 

175 
57 

26 
6 

17 
2 

125 

Secondary. 

193 

Urban 

38 

Interstate 

2 

Prewar  Federal-aid  grade  crossing 

Access  Roads,  Act  of  1950 

420.8 

11 

8 

Defense  Highway  Act      

Subtotal -  

2,  544,  581,  992 

1, 330, 242,  111 

25,  342.  8 

453 

51 

366 

National  forest  highway  ^ 

30,  666,  752 

662,  479 

24,  026, 375 

1,  034,  947 

18,  370,  633 

27, 266,  543 

662,  479 

24,  026, 375 

956,  500 

9,  053,  565 

681.7 

4.5 

280.6 

16.4 

75.5 

Tongass  National  Forest,  Alaska  ■ 

National  parlj  and  parkway  ^ 

Public  Lands 

Emergency  flood  relief 

Subtotal...  

74,  761, 186 

61,  965,  462 

1, 058.  7 

Total 

2,  619,  343, 178 

1,  392,  207,  573 

26,  401.  5 

453 

51 

366 

1  Forest,  park,  public  lands,  and  emergency  flood-relief  projects. 

2  Includes  construction  projects  only. 

3  Construction  supervised  by  Bureau  of  Public  Roads. 
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Table  9. — Federal  highway  funds  paid  by  Bureau  of  Public  Roads  during  fiscal 
year  ended  June  30,  1956,  by  program  and  by  State 


State  or  Territory 


Federal-aid  funds 


Primary  >     Secondary        Urban 


Interstate 


Defense 

Highway 

funds 


Total  2 


Alabama -- 

Arizona 

Arkansas,. 
California. 


Colorado 

Connecticut- 

Delaware 

Florida 


Georgia- 
Idaho... 
Illinois.. 
Indiana. 


Iowa 

Kansas 

Kentucky. 
Louisiana.. 


Maine 

Maryland 

Massachusetts. 
Michigan 


Minnesota.. 
Mississippi. 

Missouri 

Montana.-. 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Me.xico 

New  York 

North  Carolina - 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania. 


Kliodc  Island... 
Smith  Carolina- 
South  i  )akota_. 
Tennessee 


Texas 

Utah 

Vermont. 
Virginia . 


Washington.-. 
West  Virginia. 

Wisconsin 

Wyoming 


Alaska 

District  of  Columbia. 

Hawaii 

Puerto  Rico 


Undistributed . 
Total.... 


$6,  884,  559 
5,  507,  528 
4, 409,  669 

15,  631,  623 

4,  824,  383 
315,  558 

1,  252.  571 
7, 107,  439 

5,  601, 402 

3,  714,  724 
11,  710,  718 

7,  502,  960 

9, 882,  653 
7,  223,  420 

5,  924,  220 

6,  744,  896 

3, 124,  353 
1,  985,  274 
1,  760,  482 
lO,  213,  579 

9, 357,  335 

6,  584,  735 
lO,  598,  961 

5, 351,  689 

9,  211, 192 

4,  736,  815 

1,  639,  433 

2,  357, 152 

4,  692,  525 
14,  493, 133 

7,  978,  925 
4, 104,  299 

5,  733,  499 
8, 149,  865 
4,  611,  064 
9,  752,  594 

1,830,758 
4,  530,  495 

3,  605,  613 

7,  507,  079 

l7, 151,  200 
4, 161,  750 
1,  526, 101 

4,  792,  609 

4,  291,  285 
4, 194,  972 

8,  199,  718 
3,  943,  964 


142, 157 
621,  604 
255,  989 
881,  362 

407,  305 
595,  913 
629.  683 
225,  044 

168,  337 
068,  924 
964,  244 
940,  369 

465.  464 

418.  277 
048.  327 
186,  217 

201,  697 
284,  594 
573,  578 
162,  390 

247,  748 
614,  838 
073,  694 

419,  707 

595,  495 
549, 154 
723,  775 
015,  945 

284,  243 
313,  278 
154,  529 
474, 130 

595,  074 
655,  577 
208,  458 
434,  812 

661,  427 
458,  641 
518,  056 
474,  555 

056,  200 
910,  401 
358,  675 
181,  502 

258,  351 
257,  223 
794,  487 
851,  058 


$1, 332,  749 
708,  038 
494,  118 

16,  077,  255 

802,  466 
2,  514.  074 

598,  500 
2,  585,  170 

882,  907 

866,  575 

13,  063, 118 

6,  001,  721 

1,684,121 

1,  607,  928 
1,969,887 
2, 146,  588 

491,  036 

2,  266,  585 

5,  238,  933 

6,  534,  281 

2,  354,  541 
778,  449 

7,  853,  910 
292,  392 

1,  499,  939 
285,  956 
434,  949 

6,  796,  672 

625,  007 
30,  740,  117 

2,  402,  541 
480,  832 

8,  792,  088 
2. 185.  599 

964, 398 
10,  734,  329 

980,  625 

446,  466 

899,  355 

2,  410,  081 

5,  416,  600 
364,  102 
261,  850 

2,  342,  759 

2,  540, 198 
556,  825 

3,  048,  785 
210,  289 


1,  915,  782 

668,  998 

1,380,206 


981,  978 

821,  483 

1,  474,  921 


1,  033,  672 

499, 105 

1,  064,  447 


2, 035, 

150, 
6,  970, 

1,  288, 

65, 

5, 

1,45' 

118, 

219, 

6,  239, 

59, 

649, 

1,  557, 

480, 


121 
211 

255, 
1,  619, 

1,491 
257 

4,761 
293, 

392, 

233, 

241 

13, 

1,! 

153, 
2,601 

646, 

1,  575, 
506, 

2,  276, 
1,  606 

433 
363 

455, 


800, 

252, 

235, 

1,  397, 


10,  028 


,$247,  515 

636,  249 

8,  065 

1,  604, 838 

615,  721 


571,  721 
136,  004 


42,  180 

5,  006 

50.  209 

210,  207 


402,  449 
338,  493 


87,  240 

16,  330 

8,000 

238,  588 

15,312 


30,  353 

4,815 


705,  463 
451,  448 


771,  012 

408,  724 

1,140 


149,  529 

87.  789 
18,  974 


389,  648 
1, 187,  879 


428,  406 


143,  991 
152,  035 


7,506 
6,148 


-63,  000 


$16,  423,  916 

12,  509,  223 

9,  317,  852 

47, 165,  524 

10,  938,  634 
3,491,491 

2,  486,  272 
14,  450,  812 

12,  343,  286 
8,  005,  401 

38,  977,  506 
17,  589,  202 

17,686,411 
16,  857, 121 
14,  632,  808 

13,  266,  629 

6,  341,  465 

6,  086,  529 

8,  831,  531 
24,  617,  485 

19,  467,  055 

12,  243,  476 
33,  526,  660 

9,  469,  002 

16,  699,  419 

7,  835,  765 

3,  044,  279 
10, 183,  697 

11,  406, 325 
51,  405,  900 

19,  588,  759 

8,  725,  752 

20,  467, 328 

14,  906.  502 
11,062,044 
28,  528,  094 

4,  906,  720 

7,  948, 142 

8,  566,  426 

13,  494.  053 

41,  523,  048 

9,  756,  050 
3, 148,  454 

12,  015,  047 

11,034,230 
6,  413,  069 
17,283,441 

8,  410,  538 

6,148 
3,  941,  460 
2,011,586 
3,  929,  362 

-63,000 


300, 375,  757 


202,  660,  890 


167, 168,  928 


54,  309, 137 


10, 201,  273 


734,  903,  929 


1  Funds  available  for  either  urban  or  rural  portions  of  the  Federal-aid  primary  highway  system. 
'  Included  in  the  totals  are  the  following  payments  of  prewar  Federal-aid  grade-crossing  funds: 


Indiana $41,992 

Massachusetts 2,  762 

Montana 96,462 

North  Dakota 19,728 


AVisconsin $5,000 

Hawaii 22,000 

Total 187,944 
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Table  10. — Balances  of  Federal-aid  funds  available  to  States  for  projects  not 
yet  programed,  as  of  June  30,  1956 


State  or  Territory 

Primary  > 

Secondary 

Urban 

Interstate 

Total 

$1,  662,  006 
1, 345,  735 
1, 335, 096 
4,  305,  543 

6,  217,  254 

4,  819, 313 
377, 138 

1, 137,  277 

4, 043, 376 
2,  281,  700 

2,  282, 389 
8, 489,  918 

1,  683, 887 
3, 197,  052 

5,  287,  440 
1, 166,  985 

674,  591 
1, 119,  845 
3, 378,  446 
2, 223,  555 

1,  545,  561 
4, 179,  861 
4, 105,  977 
1, 267,  687 

3,  537,  389 
1, 109, 160 

1,  437,  560 
3,  977, 157 

2,  940,  099 

3,  012,  756 
3, 206,  787 
1,  111,  491 

4,  466,  743 
2, 345,  522 

1,  350,  261 

2,  567, 851 

335,  662 
1,  248, 383 

983,  638 
1,  560,  082 

i  000,  810 
1,  020,  851 

1,  655, 060 

2,  454,  236 

1,  377, 485 

1,  526,  233 

1,  442,  647 

887,  544 

1, 148,  518 
915,  204 

1,  779, 472 
733,  214 

$1,  323,  530 
931,  007 

1,  773,  879 

2,  777,  757 

3,  822,  867 
2, 105,  098 
1,  615,  010 

3,  539,  080 

1, 174,  443 

1,  501, 384 
5, 272, 197 
7,  041, 147 

1, 232, 182 

2,  779,  457 

1,  269,  019 
888,  886 

504,  290 

479,  240 

2, 050,  050 

2, 110,  209 

2,  932, 159 
2,  016,  080 

2,  777,  788 
6, 107,  966 

4,  056,  870 

3,  538,  350 
1,  361,  609 
1,  935,  925 

1,  053,  791 

4,  966,  605 
1,  350,  763 

622,  959 

5,  929,  604 

5,  460,  128 

1,  701,  709 

2,  213, 144 

975,  026 

3,  417,  070 
730, 073 

3,  929,  024 

9,  492, 106 
476,  Oil 
347,  063 

1,  639,  013 

674,  646 

6,  847,  584 
3,  448,  627 

577, 865 

774,  495 

488,  222 

1, 033, 859 

3,  306,  415 

$2,  000,  772 
400,  994 

2,  348,  932 
3, 228,  720 

1,  942,  861 
11, 045,  307 

247,  518 
837,  774 

3,  816,  332 

61,  569 

6,  502,  090 

2,  285,  598 

805, 169 
497,  036 

3,  419, 116 
821, 374 

1,  617, 085 

3,  408,  583 

4,  275,  643 
4,  430,  948 

653,  922 
1,  006, 312 
1,  564,  705 

382,  786 

1,  758,  422 
156,  027 
801,  507 

5, 396, 112 

733,  111 

19,  419,  801 

587,  364 

582, 192 

7,  926,  035 
2, 195,  558 

657,  862 
12,  955,  622 

340,  833 
555,  301 
102,  031 

3,  072,  959 

2,  584,  770 
215,  587 

52,  541 

4,  204, 183 

1,  673,  644 

614, 883 

1, 185,  668 

49, 833 

9,575 

554,  652 

809,  427 

3, 385,  601 

$21,  455,  614 

11,  650, 155 

18,  515,  500 
57,  028, 146 

15,  614,  509 

12,  566,  362 
8,  505,  881 

19,  464,  820 

28, 146,  730 
12,  806, 867 
47,  620, 820 
30,  634, 039 

24,  032, 273 
18,  447,  692 
22, 381,  599 
18,  716,  959 

8,  846,  746 
12,  001,  715 

23,  356,  295 
36,  883,  635 

24,  769,  763 
18,  813, 198 

27,  232, 121 

18,  878,  076 

19,  576,  953 

12,  408,  840 
8,  369,  674 

28,  627, 341 

12, 315, 124 
75,  703,  035 

29,  923,  872 

13,  818, 307 

43,  069, 160 
19, 112,  708 
13,  586,  077 
53,  980,  043 

6,  566,  737 

16,  791,  014 
11,  640,  037 
28,  540,  549 

57,  569,  956 
9, 833,  725 
8,  482, 153 

22,  729,  253 

16,  988,  380 
15,  939,  559 
27,  965,  455 
10,  716, 478 

$26,  441,  922 

14,  327,  891 

23,  973,  407 

67, 340, 166 

27,  597, 491 

30,  536,  080 

Delaware 

10,  745,  547 

Florida _.. 

24,  978,  951 

37, 180,  881 

Idaho  .  .... 

16,  651,  520 

Illinois                                 

61,  677,  496 

Indiana .    --    

48,  450,  702 

27,  753,  511 

Kansas 

24,  921,  237 

32,  357, 174 

21,  594,  204 

Maine                            _  

11,  642,  712 

17,  009,  383 

Massachusetts 

33,  060,  434 

Michigan 

45,  648,  347 

Mmnesota                        . 

29,  901,  405 

Mississippi...  _  . 

26,  015,  451 

Missoui'i. 

35,  680,  591 

MnntflTiH 

26,  636,  415 

Nebraska                       .  . 

28,  929,  634 

Nevada .....            .  .. 

17,  212, 377 

New  Hampshire       .. -  - 

11,  970, 350 

New  Jersey                       .  _    

39,  936,  535 

New  Mexico                          .... 

17,  042, 125 

New  York     .          .          

103, 102, 197 

North  Carolina     .         

35,  068,  786 

North  Dakota                   .  . 

16, 134,  949 

Ohio 

61, 391,  542 

Oklahoma .  ... ._. 

29, 113,  916 

Oregon. 

17,  295,  909 

PennsylvaniH 

71,  716,  660 

Rhode  Island 

8,  218,  258 

South  Carolina 

22,  Oil,  768 

South  Dakota 

13,  455,  779 

Tennessee...                    ..  _.  .. 

37, 102,  614 

Texas 

73,  647,  642 

Utah    . 

11,  546, 174 

Vermont. 

10,  536,  817 

Virginia. 

31,  026,  685 

Washington . .  ...  . 

20,  714, 155 

West  Virginia .     _ 

24,  928,  259 

^\  isconsin 

34,  042, 397 

Wyoming 

12,  231,  720 

Alaska 

1,  932,  588 

District  of  Columbia 

6,269,674 

8,  227,  752 

Hawaii 

3,  622,  758 

Puerto  Rico  . 

7,  425,  230 

Total 

122,  259,  347 

130,  373,  281 

130, 182,  247 

1, 108,  893,  619 

1,  491,  708, 494 

Funds  available  for  either  urban  or  rural  portions  of  the  Federal-aid  primary  highway  system. 
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Tal>lc   15.- 


■Mileage   of  <lt'sif;nate(l    Fc«leral-ai»l    liighwav    systems,    bv    Slate, 
asof  June  30,  1956 


State  or  Territory 


Alabama.- 
Arizona.-- 
Arkansas_. 
California. 


Colorado 

Connecticut. 

Oelaware 

Florida 


Georgia - 
Idaho..- 
Illinois. . 
Indiana. 


Iowa 

Kansas 

Kentucky. 
Louisiana - 


Maine 

Maryland 

Massachusetts. 
Michigan 


Minnesota. 
Mississippi. 
Missouri... 
Montana... 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York 

North  Carolina. 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania... 

Rhode  Island... 
South  Carolina. 
South  Dakota.. 
Tennessee 


Texas.... 

Utah 

Vermont. 
Virginia.. 


Washington  .. 
West  Virginia 

Wisconsin 

Wyoming 


District  of  Columbia. 

Hawaii 

Puerto  Rico 


National  system  of  interstate 
and  defense  highways 


Total 


Miles 
947 

1,187 
547 

2.159 

678 

278 

42 

1,173 

1,171 

659 

1,662 

1,112 

736 

771 
668 
657 

313 

355 

415 

1,098 

935 

691 

1,159 

1,239 

503 
540 
214 
354 

1,013 

1,232 

714 

517 

1,353 
835 

757 
1,478 


769 

531 

1,093 

2,912 
716 
344 

1,008 

632 

226 

482 

1,019 

28 


39,  990 


Rural 


Miles 
822 

1,  152 
482 

1,794 

645 

158 

38 

1,008 

1.051 
637 

1,351 
901 

670 
702 
590 
,545 

277 
234 
217 

895 

789 

611 

1,062 

1,210 

475 
529 
183 
186 


747 
627 
490 

1,098 
747 
684 

1,  126 

21 

714 

512 

1,002 

2,569 
659 
309 

875 

611 
183 
427 
991 


Urban 


34,  480 


AfiJes 

125 

35 

65 

365 

33 

120 

4 

165 

120 
22 
311 
211 

66 

69 

78 

112 

36 
121 
198 
203 


97 
29 

28 
11 
31 

168 

45 
485 


Federal-aid  primary  liighway 
System  ' 


2,55 
88 
73 

352 

47 
55 
19 
91 

343 
57 
35 

133 

121 
43 

55 
28 


5,  510 


Total 


Afiles 

5,260 
2,627 
3,  509 
7,081 

4,040 

1,  103 

535 

4,336 

7,  604 
3,106 
10,  531 
4,790 

9,721 
7,601 
3,866 
2,722 

1,618 
1,998 
2,072 
6,621 

7,714 
5,104 
8,249 
5,943 

5,  230 
2,197 
1,200 
1,738 

3,929 
10,  761 
6,964 

3,  236 

7,624 
7,400 
3,916 

7,  110 

470 
4,781 

4,  504 
5,240 

16, 103 
2,189 
1,250 
4,  660 

3,631 
2,386 
5,997 
3,432 

128 
525 
555 


Rural        Urban 


Miles 
4,872 
2,556 
3,323 
6,073 

.3,  912 
806 
491 

3,893 

7,213 
3,034 
9,  358 
4,264 

9,284 
7,274 

3,  630 
2,467 

1,  519 

1,  714 
1,309 
6,  104 

7,140 
4,874 
7,981 
5,851 

5,090 

2,  169 
1,084 

1,  106 

3,785 
8,758 
6,555 
3,183 

6,631 
7,150 
3,737 
5,996 

250 
4,496 

4,  426 

4,  957 

1.5,  041 

2,  082 
1,185 
4,273 

3,361 
2, 196 

5,  554 
3,389 


490 
428 


Miles 

388 

71 

186 

1,008 

128 

297 

44 

443 

391 

72 

1,173 

526 

437 
.327 
236 
255 

99 
284 
763 
517 

574 

230 

268 

92 

140 
28 
116 
632 

144 

2,003 

409 

53 

993 

250 

179 

1,114 


220 

285 

78 

283 

379 
12,  531 
12,  392 

9,517 

1,062 

107 

65 

387 

27,  834 
3,248 
1,782 

17,914 

270 

190 

443 

43 

9,530 
11,038 
18,  558 

2,117 

128 
35 
127 

80 

614 

1,  (157 

18,  593 

520, 371 

'  Figures  include  mileage  of  Interstate  System  with  exception  of  projects 
cation  and  mileage  was  not  determined. 


)n  new  location  where  exact  lo- 
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Table  16. — Mileage  of  the  National  forest  highway  system,  by  forest  road  class 
and  by  State,  as  of  June  30,  1956 


Region  and  State  or  Territory 

Total 

Class  1  1 

Class  2  2 

Class  3  3 

Western  Region: 

Miles 

1, 039. 3 
2, 460.  6 

1. 497. 0 
1, 117.  6 

1. 194. 1 
318.8 
651.0 

1, 416.  2 

302.  0 
716.0 
732.0 
477.0 
393.4 

Miles 

328.2 
675.3 
577.0 
642.2 

685.8 
157.2 
131.0 

684.7 

189.0 
187.0 
389.0 
349.0 

Miles 

494.1 
315.0 
515.0 
162.4 

171.0 
130.8 
407.0 
461.8 

101.0 
201.0 
107.5 
109.0 

Miles 

217.0 

California                  --  -  - 

1, 470. 3 

405.0 

Idaho                       - -  - 

313.0 

337. 3 

30.8 

113.0 

269.7 

South  Dakota                                      

12.0 

Utah                                   .     

328.0 

235.5 

19.0 

393.4 

Total                        --  -     - 

12, 315.  0 

4,  995. 4 

3, 175.  6 

4, 144. 0 

Eastern  Region: 

367.8 
633.3 
287.9 
364.1 

20.0 
301.8 
101.2 
352.9 

398.2 

14.0 

1, 169. 6 

718.1 

538.0 

998.9 

23.0 

166.0 

840.3 

133.6 

48.5 

353.9 

777.4 
566.5 
306.3 
119.1 

1,  347. 0 

484.1 

469.1 

44.6 

84.1 
96.7 
32.9 
153.4 

11.3 
241.3 

53.6 
131.1 

54.1 

229.0 
536.6 
194.4 
148.2 

8.3 

41.4 

47.6 

216.8 

95.7 

54.7 

Florida                               - 

60.6 

62.5 

.4 

19.1 

5.0 

248.4 

14.0 

582.1 
255.3 

235.0 
385.9 

533.4 

380.8 

267.3 
541.8 
23.0 
39.6 

411.6 
43.1 
17.0 
85.9 

404.7 

336.5 

170.5 

61.9 

853.0 

364.  7 

352. 4 

44.6 

54.1 

82.0 

35.7 

Missouri                                 -.  

71.2 

New  Hampshire                                     -- 

61.9 

367.4 
70.4 
31.5 

118.4 

237.9 
165.1 
128.3 
32.7 

374.2 
78.4 

75.7 

64.5 

North  Carolina 

61.3 

Ohio                                        -    -- 

20.1 

149.6 

South  Carolina                                           --  - 

134.8 

64.9 

7.5 

Vermont                                                 --  -- 

24.5 

119.8 

West  Virginia                        -      

41.0 

41.0 

Total 

11,  945.  2 

4, 058.  7 

6, 449.  8 

1, 436.  7 

Grand  total     .-  .                  

24,  260. 2 

9,  054. 1 

9,  625. 4 

5,  580.  7 

1  Forest,  roads  which  are  on  the  Federal-aid  primary  system. 
'  Forest  roads  which  are  on  the  Federal-aid  secondary  system. 
3  Other  Forest  highways. 
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Table  18. — Mileage  of  highways  in  National  parks,  monuments,  and  park- 
ways construeted  by  the  Bureau  of  Public  Roads  during  the  fiscal  year 


Park,  monument,  or  parkway  (and  State) 

Under  con- 
struction as  of 
June  30,  1956 

Completed 

during  fiscal 

year 

Acadia  (Maine) .. 

Miles 

16.7 
12.3 
42.1 

Miles 

17.8 

Badlands  (S.  Dak.) 

Blue  Ridge  (Va.-N.  C.) 

Carlsbad  Caverns  (N.  Mex.) 

Colonial  Park  (Va.) 

5.0 

22.9 

.1 

18.2 

Colonial  Parkway  (Va.) 

2.3 
1.0 

Crater  Lake  (Oreg.).. 

K verf;lades  (Fla.) 

(ieorgp  Washington  Memorial  (Va.) 

1.2 

Olacier  (JVfont.) i 

(Jrand  Canyon  (Ariz.) 

8.5 
21.0 

5.3 

2.4 

.3 

18.7 

49.1 

7.2 

.1 

29.2 

Grand  Teton  (Wyo.) 

Great  Smoky  Mountains  (Tenn.).     . 

Hawaii  National  Park  (Hawaii) . 

Mount  Rainier  (Wash.) 

1.7 
21  4 

Natchez  Trace  (Ala.-Miss.-Tenn.)   . 

.3 

Sequoia-Kings  Canyon  (Calif.) 

Shenandoah  (Va.) . 

Shiloh  (Tenn.) 

Wind  Cave  (S.  Dak.) 

5.5 

15  4 

Yosemite  (Calif.) 

.9 

Total 

115.0 

Table  19. — Mileage  of  approach  roads  to  National  parks,  monuments,  and 
parkways  constructed  by  the  Bureau  of  Public  Roads  during  the  fiscal  year 


Park,  monument,  or 

)arkway  (and  State) 

Under  con- 
struction as  of 
June  30,  1956 

Completed 

during  fiscal 

year 

Walnut  Canyon  (Ariz.) 

Aliles 

3.1 

Miles 

Yellowstone  (Wvo.) 

6  7 

Total 

3.1 
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